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FOREWORD

This is the Final Report on Contract NAS5-25503, "Applications Data
Service User Requirements Study," performed for NASA's Goddard Space

Flight Center by ECOsystems International, Inc.

The objective of this document is to present in summary form
the requirements of NASA's research community for OSTA and related data;
and to make visible the data's current availability, location, modes of

query and manners of retrieval.

The OSTA research community is defined to include researchers in-
ternaf to NASA, external investigators contracted by NASA e.g. Univer-
sities, researchers within Federal Agencies which have Memorandums of
Understanding with NASA and which work cooperatively with NASA scien-
tists, users working on Applications Systems Verification Tests (ASVT)
and Application Pilot Tests (APT) cooperatively with NASA scientists
researchers performing R&D under the Announcement of Opportunity (0A)

and Applications Notice (AN) Programs.

In concert with NASA Project Management, OSTA's data-related
activities were structured in thirteen disciplines, chosen to reflect

OSTA's organization and mainlines of pursuit of scientific endeavors.

Inputs to the study were derived from approved NASA documentation
on future plans, RTOP's, APT's, ASVT's, OA's, AN's and from specific
written and oral inputs from NASA Center Discipline Scientists. These

scientists also provided validation of the material, after it was
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organized and structured into the tabular and descriptive format shown
in this Report. They are listed following. Their inputs are grate-

fully acknowledged.

Cbmments and suggestions arising from the Data Systems Planning
Workshop, held at Wallops Island, VA, October 9-12, 1979 are reflected

in this report to the extent to which they were made available by the

respective Panel Chairmen.

ECOsystems wishes to express its sincere appreciation to the
individuals listed on the Table below who contributed a great deal

of time and information which was utilized in the preparation of this

study.

GODDARD
RESPONSIBLE RESPONSIBLE DISCIPLINE SCIENTIFIC
DISCIPLINE CENTER SCIENTIST SCIENTIST CONTRIBUTORS
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Louis Allison

Otto W. Thiele

Louis Allison

Howard Curfman

Louis Allison

Otto W. Thiele

Louis Allison

Louis Allison

Milton Halem (GSFC),
Joel Susskind (GSFC),
Ernie Neil (GSFC),
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Arking

William E. Shenk
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Cynthis A. Peslen
(GSFC), Edward B.
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Ernie Neil (GSFC),
Earl R. Kreins
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GODDARD
RESPONSIBLE RESPONSIBLE DISCIPLINE SCIENTIFIC

DISCIPLINE CENTER SCIENTIST SCIENTIST CONTRIBUTORS
Ocean JPL Edwin Sherry Vincent V. -

Processes Salomonson

Coastal Zone GSFC Honsuk H. Kim  Honsuk H. Kim -

Cryosphere GSFC Frank D. Carsey Frank D. Carsey Jay Zwally (GSFC)
Water Quality LaRC Howard Curfman James P. Ormsby -
Agriculture, JSC Chris C. John L. Barker -

Forestry, Critzos

Rangeland

Water Resources GSFC James P. Ormsby James P. Ormsby Albert Rango (GSFC),
: Thomas Schmugge

(GSFC)
Land Use NSTL Armand Joyce Darrel Williams -
Non-Renewable JPL Edwin Sherry Richard J. -
Resources Allenby
Geodynamics GSFC Stephen C. Stephen C. Guy M. Lohman (JPL)
Cohen Cohen

Special appreciation is expressed to Mr. J. Earle Painter, Technical
Officer; Richard des Jardins, Lottie Brown, ADS Project Office; Andrew
Adelman, Assistant Director of Applications, Goddard Space Flight Center,

Janeth Heuser :and Howard W. Shaffer, NASA Headquarters.

This report summarizes the findings of the user requirements

analysis.

The additional four-volume "Compendium of OSTA Space Data Usage
Information," also prepared as part of this effort, contains detailed
descriptions of user requirements, a Directory of space sensor charac-
teristics and products, a Directory of Space and Auxiliary Data Bases,

matrices correlating Space Missions, Platforms, Sensors, Parameters.
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INTRODUCTION

This is the Final Report on Contract NAS5-25503, "Applications Data
Service User Requirements Study," performed for NASA's Goddard Space
Flight Center by ECOsystems International, Inc. The purpose of this
report is to present the ADS technical drivers. The technical drivers

were assessed from analyses derived from information from the OSTA re-

search user community.

The appearance of remote sensing from space on the national scene
almost two decades ago was accompanied by great expectations that the
large coverage and frequent observations would allow a major step for-

ward in the Nation's ability to manage its environment and resources.

Part of this expectation has now reached fruition, both in the
reality of the space data themselves and from the stimulus of space
derived data products and space technology to almost every facet of

national activities concerned with managing our resources.

Progress toward full realization of the expected benefits of re-
mote sensing from space could be accelerated by insuring that data are
readily available to users in a timely manner and in the combinations,
forms and formats necessary for their efficient utilization. In par-
ticular, it is essential that users be provided a means of acquiring
combinations of remote sensing and conventional data in forms and for-
mats which permit efficient data combination during the information

extraction process.
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Data lie in widely dispersed repositories; their formats differ
significantly; their standards of quality are not unified; methods of
delivery differ among data repositories; archiving agencies have dif-

fering operational requirements.

The objective of the Application Data Service (ADS) is to provide
timely, affordable, accessible and readily usable multisource data

products to applications researchers and user government agencies.

The scope of the ADS includes all users affiliated with the NASA
Office of Space and Terrestrial Applications (0STA), including mission
agencies such as The National Oceanic and Atmospheric Administration

(NOAA) and others with whom cooperative efforts are ongoing.

ADS will not itself be a data producer or user, but may provide
necessary interfacing, translation and data assembly services to make
producer data readily accessible and usable. ADS is intended to serve
the OSTA applications research community and its cooperators. Its de-
sign will be expandable with an eye toward an eventual national ser-

vice with a potential for commercialization.

The ADS plan is to meet future OSTA data access and integration
needs by building upon existing and planned applications data systems.
It will encourage the convergence of those systems and their products
into a compatible and integrated structure, via a three-pronged ap-

proach:

e Definition of data and data systems standards

1-2
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o Development of a network service for data transmission and
integration

o Development of Data services

The standards will provide guidelines for future programs. Their

definition and application will assure the natural evolution of future

data and data systems compatibility.

As to the networks, available technologies range from conventional
mail through electronic delivery, with access at designated data archives
and delivery to user terminals. The network service will streamline
that system's efficiency. It will provide a single service to access

data, provide required format conversions and integrate the data sets

required by multiple users.

Data services will include data directories and dictionaries
which will guide the user in his data access efforts to data set as-
sembly and reformatting which will relieve him of costly, time con-
suming preparation for his principal interpretational tasks. Direc-
tories of data manipulation and interpretation algorithms will be

maintained and access to the algorithms will be provided by ADS.

An important consideration is the eventual implementation of ADS
by private commercial enterprise. Closely related thereto, is the

expected growth of technology, whose principal impact upon ADS is the
reduction of costs and the increase of sophistication of data handling

hardware and software foreseeable from such technological progress.
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PURPOSE OF THE USER REQUIREMENTS STUDY

The study described in this report had as its objective the iden-
tification of OSTA users' data service requirements. The study was

structured to answer the questions:

e Who are the users of the data within the NASA research com-

munity?
e What are the NASA OSTA uses?

e What data is required to support these uses and in what quan-

tities?

¢ What space-derived data exist; from what sensors and platforms;

with what characteristics?

e What applicable conventional data are available; where and

how may they be acquired?

e How will the data uses, data generators, data banks and the

user community change during the 1980's?
e What do the users perceive to be their data service needs for

the next decade?

Answers to these questions will identify the performance elements
needed of an Applications Data Service and permit them to be ranked on

the basis of demand. They also provide gross sizing information for

the systems required to provide the services.

Since economic considerations were not applied to the demand as-

sessment, an impact/cost analysis of the identified services may be in

order. 1-4



STUDY METHODOLOGY

For purposes of this study, OSTA activities related to remote

sensing applications were categorized under thirteen discipline titles:

Air Quality
Climate

Coastal Zone
Cryosphere
Global Weather
Ocean Processes
Severe Storms
Water Quality

Agriculture, Forestry, Rangeland
Geodynamics

Land Use

Non-Renewable Resources

Water Resources

The first eight address environmental observation concerns; the

last five address resources observations.

Each discipline category was researched independently under the

cognizance of the appropriate NASA center as well as the ADS Study

Office.

The near term (1980-1985) and future (1985-1990) data related

requirements of the OSTA research community users within the thirteen

disciplines were derived from analysis of NASA plans and documents

and information received from Discipline Scientists selected by NASA

from within responsible centers. Documented plans of other federal

agencies involved in programs pertaining to the OSTA disciplines were

also used in projected future activities and requirements where a NASA

programs reiationship was indicated.

1-5



The diverse data requirements were normalized to reconciie dif-
ferences in nomenclature, synthesizing the material into a common for-
mat for subsequent analysis. The resulting material was validated in
three successive iterations by the Discipline Scientists and critiqued
by Data Systems Pilanning Workshop participants, insuring the validity

and traceability cf all items.

Projection to the 1985-1990 time frame was accomplished by extra-
polating the various research activities from best avajlable internal
and external evidence. As an example of the former, many RTOP's iden-
tify subsequent phases of their proposed program, even though funding
is only available for the near term. As an example of the latter,
certain activities can reasonably be expected to convert into opera-
tional endeavors -- to be performed by industrial users or other
federal agencies. OSTA's corresponding R&D activities can be assumed

to power-down on or about the projected date of technology transfer.

As in all projections, the accuracy of forecast is highest for
the near term efforts. HNevertheless, the projections should reflect
a reasonable structure of OSTA's program to the end of the coming de-

cade when considered as a whole, barring significant breakthroughs or

other radical redirections.

The conventional data bases currently in existence within the

Federal Government and used by NASA/OSTA researchers were identified,

assessed and categorized.
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Detailed supporting information on each of the above subjects is
contained in the four volume "Compendium of OSTA Space Data Usage In-
formation" prepared by ECOsystems to support the OSTA Data Systems
Planning Workshop. The "Compendium" contains a detailed description of
user requirements, a directory of space sensor characteristics and
products, a directory of space and auxiliary data bases, and matrices cor-

relating space missions, platforms, sensors and parameters.
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STUDY RESULTS

Results of the OSTA User Requirements Study for the thirteen dis-

ciplines are presented in five categories of requirements:

e Space Derived Products

o Space Derived Parameters

o Conventional Data Products
e Data Transfer

o Data Services

Space Derived Product Requirements

Table 1.1 summarizes the quantity of space derived products re-
quired for the thirteen disciplines for the current (1980), near term
(1985), and future (1990) time frames. The table gives the number of
digital tapes, corresponding data volume (gigabits), and images required

by the users from spaceborne sensors expected to be available.

The key points from the table are:

e The volume of digital data products is relatively constant to
1985. The projected 250% increase by 1990 is paced by the
Agriculture, Forestry and Rangeland (AFR) Discipline.

e The largest share of the data products, climbing from 34% of
all requirements in 1980 to 68% in 1990, is also induced by

AFR.

Dominance by the AFR Discipline is attributed to the fact that
this discipline is projected to reach an advanced state of
technology transfer and will continue to rely heavily upon NASA

facilities.
1-8
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e The trend in Land Use and Water Quality is also toward digital
processing. During the 1980-1985 time frame, images account
for 265% of products by number. By 1985 this percentage drops
to 240% and remains relatively constant to 1990.

® The increase in the demand for digital data in the future reflects
the expected increased sensor resolution, successful develop-
ment of computer algorithms and increased user sophistication.
The principal discipline affecting the change to digital pro-
cessing is Agriculture/Forestry/Rangeland (AFR).

e The use of imagery in the Non-Renewable Resources (NRR) disci-
pline (doubles by 1985) is attributed to the reconnaissance

nature of NRR applications.

Space Derived Parameter Requirements

Most users wish to retain control of the development of algorithms
for converting data into parameters. The development of such conver-

sion algorithms drives OSTA's activities up to 1985-87.

The relationship between the OSTA disciplines, the parameters
sought by the users and the space data generators is included in chart

form in the pocket at the back of this report.

As shown in the chart, 137 parameters were identified in the

analysis. Each parameter is used on the average by four disciplines.

Commonalities are evident.

e Commonality of parameters among the thirteen disciplines por-
tends potential benefits from a centralized data service which
provides parameters to multi-disciplinary users using approved

algorithms.
1-10



The chart also shows that the parameters sought remain substan-
tially invariant. What does change are the sensor's characteristics;
i.e., data contributing to parameter derivation are measured more ef-
fectively as time progresses. Processing algorithms also improve.

o The continuous existence of common parameters throughout the

1980-1990 time frame implies that investment by ADS in an
algorithm-processing service should be cost effective.

Conventional Data Product Requirements

Table 1.2 summarizes the volume of conventional products required

to support the OSTA users.

It specifies the requirementé for digital tapes by density, i.e.
1600, 800, 556 Bits per inch (BPI) and the needs for photographic and
hardcopy products. Products such as maps, computer printouts, reports
and microfilmed records are included within the hardcopy products cate-
gory. The table's key points are:

e The volume of conventional data is approximately 30% that of

the space data for this 1980-1985 time period. It increases
to 50% by 1990.

e The Agriculture, Forestry and Rangeland Discipline is the pri-
mary user of conventional data, accounting for 73% of the re-
quirements in the 1980-1985 time frame, increasing to 90% by
1990.

e The Severe Storms and Climate Disciplines are also significant
users; 16% of the volume in the 1980-1985 time frame.
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Table 1.3 shows the data bases identified in the analysis. It
shows that most data bases serve multiple disciplines; many already
possess or are evolving towards the capability for electronic inquiry.
By 1985, most major data repositories are contemplating various levels
of automated data delivery. This does not mean that historical data
will be necessarily digitized. Most of the data provided will be of

current vintage.

In general, the data will be supplied in the batch mode. Most
data bases provide only restricted access. This should, however, not

pose a significant restriction to NASA access.

Directory and access services for a significant number of data
bases is through three principal existing auxiliary data banks; En-
vironmental Data & Information Service (EDIS), U.S. Geological Survey
National Center (USGS National Center), National Water Data Exchange
(NAWDEX).

o NAWDEX - Central point of access for most federal and non-

federal water data banks such as STORET, WATSTORE, and various
state and private data banks.

® USGS National Center - Central point of access to most USGS
data services including EROS, NCIC, WATSTORE, and many smaller
but frequently used data bases.

e EDIS - The Environmental Data and Information Service of NOAA
provides computerized referral to available environmental
sciences data at NCC, NODC, NGSDC and many other NOAA operated
data banks.



TABLE 1.3

REMOTE DATA ACCESS CAPABILITIES OF THE DATA BANKS
SERVING THE ADS DISCIPLINES

AGRICULTURE

AIR QUALITY

CLIMATE

COASTAL 20NE

GEODYNAMICS

CRYQSPHERE

LAND USE

MON-RENEWASLE

RESOURCES

OCEAN
PROCESSES

SEVERE STORMS

WATER QUALITY

WATER RESOURCES

GLOBAL WEATHER

REMOTELY ACCESSIBLE
DATA DIRECTORY

REMOTE DATA
DELIVERY

Goddard Institute of Space
Science (GISS)

Goddard Space Flight Center,
Image Processing Division
(GSFC/1PD)

Goddard Space Flight Center
Very Long Baseline Inter-
ferometry System (GSFC/
VLBI Systems)

Johnson Space Center,
Agricultura) Weather Fore-
casts (JAWF)

Jet Propulsion Laboratory

Seasat Central Data

Handlins Facility (JPL/
SEASAT CDNF)

Jet Propulsion Laboratory
Very Long Baseline Inter-
ferometry System (JPL/VLB!
Systems)

Johnson Space Center Glo-
bal Agronomic Data Base
{JSC/GADS)

Aircraft Flight Programs
NASA/JPL-WFC

National Space Science
Data Center (NSSDC)

UARS Centra) Data Handling
Facility UARS COHF

DMSP Satellijte Data Li-
brary’ (DMSP)

Earth Resources Observa-
tion System Data Center
(EROS)

European Space Opera-
tions Center, Data Ser-
vices (ECOS)

National Climatic Center,
Space Data Services
Branch (NCC/SDS)

NOAA, National Environ-
mental Satellite Ser-
vice {NOAA/NESS)

National Oceanic Satel-
lite System, Primary
Proczssing Facility
(NOSS/PPFY

D - Diel-up Service Availabie

R - Restricted Access

N - Capability Does Not Exist

@ - Discipline Served
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TABLE 1.3 (cont'd)

REMOTE DATA ACCESS CAPABILITIES OF THE DATA BANKS SERVING
THE ADS DISCIPLINES

AGRICULTURE
AIR QUALITY
CLIMATE

COASTAL Z0ONE
‘CRYOSPHERE
GEODYNAMICS
LAND USE
NON-RENEWABLE
RESOURCES
OCEAN PROCESSES
SEVERE STORMS
WATER QUALITY
WATER RESOURCES
GLOBAL WEATHER

REMOTELY ACCESSIBLE
OATA DIRECTORY
REMOTE DATA
DELIVERY

"NASA/JSC AIRP-AJL

=
ko

National Cartographic
Information Center (NCIC)

=
x

Nationa) Center for °
Atmospheric Research L [

Hational Climatic
Center (HCC) el o/ 0 e | O o |]o/lo 0| 0o

tational Geodetic PY
Data Base

Kational Geophysical
and Solar Terrestrial ) PY °®
Data Center (NGSDZ)

Hational Hurricane
Center (NHC) ) ® ®

U.S. Air Force

Environmental Technical
Application Center [ ] ® ®
(USAFETAC)

U.S. Coast Guard °®
Oceanographic Unit (USCG) L4

USDA/Economics, Statistics
and Cooperative Service ®
{USDA/ESCS)

USDA Foreign Agriculture
Service (USDA/FAS) o

USDA Scientific and
Education Administration ® ®
{USDA SEA)

USDA Soil Conservation
Service (USDA/SCS) . o hd ® ®

USDA Forest Service
USDA/FS) [} ®

USDA Agriculture, Sta- )
bilization & Conserva-
tion Service (USDA/ASCS) | @ o @

Electric Power Researth PY
Institute (EPRI)

Fleet Numeric Weather
Central (FNWC) L ) e| o )

Fleet Weather Facility
(FaF) ° L4 °

USGS/Geolab ®

G1ss [ ]

JARF [ ]

JSC/Agristars Data
Base

LARS [ J

Office of Water and
Hazardous Materials
(STORET) e o o o

D - Dial-up Service Available

R -~ Restricted Access

N - Capability Does Not Exist ]-]5
@ - Discipline Served




TABLE 1.3 (cont'd)

REMOTE DATA ACCESS CAPABILITIES OF THE DATA BANKS SERVING

THE ADS DISCIPLINES

-
3
8 8| | Gx
- (7] w = [ %] ) - o
g = - I 5 |S2l8| 5|52 ¢88| =
= — IS4 « - . X wn - a < <0 =
= = ™ “ v} g a 3 O 3 W S >
= >
= < =4 2 x g g 2ol B [=4 =3 jog= «
3l3|5|8|la| & 2 g |lx|x| 2| 85| gg
=212/ 8|8 |g|28|3|S5|E|E|E8| 6= 83
g|=<|c|8|8|8|3|8L(8|8|5|5|g| &5 | =8
Air Force Global Weather
Central (AFGHC) o o o ° R R
California Institute of °
Technology R R
Center for Climatic and
Environmental Assessment P R N
(CCEAR)
Current Research
Information System (CRIS) | @ D D
Defense Mapping Agency ® o ®
Topographic Center (DMATC) o R R
Bureau of Census, User °
Services Office N N
EPA Environmental Re-
search Center (EPA/ERC) ® R D
Kational Harine Fisheries
Service (KMFS) ® ® ® ) ® ® D 1]
National Meteorologic
Service (NMC) ) L4 ol e ° R R
Kational Oceanographic
Data Center (NODC) L4 L] [ ] L ® R D
National Severe Storm ° R
Forecast Center (NSSFC) [ Y
hational Severe Storm
Laboratory L4 ® N N
NOAS/Data Buoy Office
(K8CO) ® e N R
National Water Data
Exchange {NAWDEX) ® ® R R
SEDIC N N
Scripps Institute of
Oceanography ® N N
Tamu Crop Spectra Data R R
Base (TAMU) L
USGS Office of Resource ° R R
Analysis (USGS/ORA)
USGS Rock Analysis Storage R R
o
System (USGS/RASS)
USGS water Storage
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Data Transfer Requirements

a
1%

. e
The user requirements for data transfer are ofhorderftwo to four

weeks for research efforts and from hours to days for activities re-

Tated to the transfer of technology.

Current data delivery times are of the order of one to three months.
Note, however, that most of the current delay is attributable to internal
response times. - These will presumably be significantly reduced as data

bases become increasingly automated in accordance with currently estab-

Tished plans.

By 1990, research activities account for approximately 75% of the
data load. They could, in theory, be handled by mail type data transfer
service. The slow data delivery requirements of the research activities
do not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the link is driven by economic
cost-effectiveness rather than by technical urgency. A plausible ADS
scenario might incorporate a centralized accounting, scheduling and
data traffic monitoring facility which maintains track of expenditures
on the part of the users; supplies them budgetary estimates; advises
them of impending depletion of project funds. Further analysis might

reveal that such a centralized management function can be performed more

cost-effectively through the use of electronic data links rather than through

other conventional alternatives, quite apart from considerations of

speed.

A gross sizing of the "electronic 1link" alternative is provided

by Tables 1.4 and 1.5.



TABLE 1.4

DISCIPLINE/CENTER ALLOCATION OF PRODUCT DATA FLOW FOR
SPACE AND AUXILIARY DATA AVAILABLE IN DIGITAL FORMAT - 1980, 1985, 1990
(Equivalent 1200 BPS Links, One Shift, Normal WOrkweek)X

GSFC Jsc JPL LaRC NSTL

DISCIPLINE 218|8|8|8|5|8|8|5(2(8|8|8|8|8
AIR QUALITY 3|43
CLIMATE 15| 22 | 23
COASTAL ZONE 2l 21 3
CRYOSPHERE o 2l 3
GLOBAL WEATHER sl 15 15
OCEAN PROCESSES 12 | 14 li8
SEVERE STORMS 20| 26 | 31 |
WATER QUALITY | 1| 2| 2
AGRICULTURE,

RANGELAND 63 | 50 ja26
GEODYNAMICS 3] 3| 3
LAND USE 417417
e o]
WATER RESOURCES 3| 6| 7
TOTAL 63 | 76 | 826354 [326 |17 |19f2a | 4| 6| 5[ 4| 7] 7

* Number of Links = (data bits per year) : (seconds per year) : (1200 BPS per 1ink)



Since the driver is economics, not technology, system tradeoffs

can exploit to the fullest special tariff structures and price breaks;

e.g. discounts for off-time operation, quantity savings from use of

bulk bandwidths, use of satellite links; however, transfer distance

exceeds the cost of the breakpoint (currently of order 900 kilometers).

By 1990, technology transfer activities account for approximately

25% of the data load.

These latter could acquire two forms:

1) al-

gorithms and models developed by NASA researchers are tested by other

federal agencies upon their facilities; or 2) they are tested on NASA

facilities with participation from sister agency personnel.

TABLE 1.5

ALLOCATION OF PRODUCT DATA FLOW FOR SPACE AND AUXILIARY DATA
AVAILABLE IN DIGITAL FORMAT
(Equivalent 1200 BPS Links, One Shift, Normal Workweek )

1980 1985 1990
GSFC 63 76 82
JSC 63 54 326
JPL 17 19 24
LaRC 4 6 5
NSTL 4 7 7

The ffrst form of transfer does not impact ADS because by current

definition, ADS is intended to service NASA researchers only.

In the

second event, the timeliness requirements for data transfer approach

real time. It is, however, important to distinguish between the direct
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transfer of space data from satellite to users, and the transfer to

users of archival data. Only the latter is within the purview of ADS

as currently defined.

The activities posing the most stringent requirements are agri-
cultural early warning and activities associated with crbp production
forecasting. The timings of the corresponding physical observables
are such as to give rise to short periods of intense interest, inter-
spersed by longer intervals of lesser importance. The occurrence of
frosts is a typical case in point. Indicative crop change occurs
within hours, at most a few days after the frost event. Thereafter,

the "indicators," pointing to either recovery or loss, vary but <lowly.

The net result is that these activities impact ADS by imposing
conditions of high peak transfer rates at low duty cycles. As a gross

sizing, peak-to-average ratios are expected to reach 5:1.

ADS systems tradeoffs can exploit the significant difference be-
tween the "slow" R&D and the "fast" technology transfer requirements

through the use of load-evening techniques, such as priority scheduling.

Data Service Requirements

Table 1.6 summarizes the user response to the need for data ser-
vices. The numbers indicate the percentage of users within each dis-
cipline specifying the data services shown on the corresponding row.
Figure 1.1 summarizes this information across disciplines. The user

requirements are weighted by the number of users served, assigning

equal weight to each discipline user.
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SUMMARY OF DATA SERVICES* REQUIRED BY OSTA INVESTIGATORS
WITHIN THE THIRTEEN ADS DISCIPLINES

PERCENT OF DISCIPLINE INVESTIGATORS
REQUIRING THE SERVICE
>
E
o
g |12 [0 |2 |® w | B
= £ |o |2 |8 (B |5 |¢ 8 2 |2
— ~N © w (=] - << D0 [ =z W
2 lw (2 |¥ | |& (v |2 |EZ 2 |8 By«
3 E = & 2 z & I .‘..3-’5 g Z ] x
= |2 12 12 |8 |8 |8 |E |52 |35 23 | &
DATA SERVICES 2|3 [8 |8 (2 (8 |& |5 (|88 |58 |% |82 |¢%
User Access Mode
Batch 35 100 100
Interactive 100 100 100
Individual User Terminals 100 9 | 75 [0 | 78 [100 100 100 | 100
Data Management
Data Documentation
Directory 100 | 100 100 {100 {100 | 100 [100 {100 100 100 {100 100 100
Dictionary 100 | 100 {100 {100 |100 | 100 {100 | 100 100 100 |100 100 100
Data Storage ’
On-Line 100
Off-Line 100 20 22 96
Product Control
Quality Control 11 | 100 80 100 100 | 100 100 100
Data Access Services
Data Query
Autonated Catalog Search 100 | 100 | 109 80 100 100 100 | 100 100 100
Data Browse 100
Data Delivery Speedup 93 75 {100 78 [ 100 | 100 100 | 1w 100 100
Value Added Services
Data Segment Preparation
Sub-frame Images 100
Mini-Tapes 11 | 100 80 60 61 [100 | 100 100 100
Sub-Data Set Extraction 100 70 {102 60 { 100 96 | 100 100 100 {100 100 100
Reformatting
Format Conversion o 10 J100 | 25 | 74 | 92 ] 100 100 (100 { 100 | 100
Structure Conversion 25 92
Coordinate Transformation 11 25 22 92 100 9 100
Scale Conversion 100 37 | 100
Data Set Preparation
Multi-Source Data Sets 100 91 (109 | 80 {100 { 100 96 | 100 100 100 | 100 100 100
Multi-temporal Data Sets 100 9] 96 75 )} 100 | 100 96 | 100 100 100 {100 83
Data Integration
Data Merging 22 36 100 85 100
Data Registration 58 68 96 20 40 | 100 [100 | 100 47 73 1100 100 100
Data Overlay 33 59 15 00 100 100
Data Gridding 100 | 100 85 95 1100 | 100 96 | 100 100 |100 100 100
Image Mosaicing 100
Special Processing
Data Calibration/Correction 100 20 1100 80 |100 78 4 (100 86 100 100
Biscipline Control of Access 20 100

" ;
Services listed are not necessarily unique.
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SYNOPSIS OF DATA SERVICE REQUIREMENTS - ALL DISCIPLINES

FIGURE 1.1
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The key points indicated by the Figure are:

o ADS services universally required are:
- Data directory services
- Data dictionary

- Preassembly of data sets from multiple sources

e Second Priority services are:

- Extraction of selected data subsets from available data
sets, for both space and auxiliary data products.

- Assembly of multitemporal data sets.

Users expressed significant demand for individual terminals. -
Approximately half of these should be interactive; a substan-
tial fraction should be of the "smart" variety.

Users place significant emphasis on services related to the com-
bination and integration of data - e.qg. geocoding, superposition of
format and gridding. The Air Quality users in the UARS program and

the Geodynamics users specified the wish to retain control over access

of their data by other users.

Additional services required by individual disciplines yielded

the following ADS service requirements:

o Data ordering and procurement services are useful adjuncts to
the catalog and inventory service. Currently, investigators
‘gather their required data from a wide variety of basically
unarchived and unannotated sources. Dealing with a variety
of data banks is time consuming. The users universally ex-
press the need for a centralized facility from which they can
locate and acquire the bulk of the data which they require.
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o Data are available in a variety of formats which require co-

registration. Proliferation of different formats unnecessarily
increases overhead related to reformatting by both investi-
gators and data system.

ADS could significantly impact this problem by Timiting the
proliferation of varying data formats to those necessitated
by efficiency or by compatibility with existing systems.

Remotely sensed data products are generally viewed by opera-
tional users as supportive and complementary to the more readily
understood and handled conventional data sets. Increased em-
phasis should be devoted to converting satellite data products
into conventional formats to aid technology transfer activities.
Satellite products should be processed and georeferenced in
accordance with the conventional data products which they sup-

plement.

An ADS service would significantly enhance the day to day operation

of the 0STA research user community by:

Speeding up data delivery - slow data deliveries impact the
budget and the efficiency of the R&D effort.

Eliminating or significantly reducing the time spent in lo-
cating, selecting, editing and procuring data.

Reducing expenditures for redundant handling of data products

Providing pre-operational users with standard, approved, para-
meter and analysis algorithms.

Creating a highly visible and easily accessible archive of
space derived products for both internal researchers and ex-

ternal users.
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o Significantly increasing the cost-effectiveness of OSTA data
utilization through standardization of format and the avail-
ability of researcher specified reformatting.
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STUDY CONCLUSIONS

Results of the ADS User Requirements Study make a convincing case
for the establishment of such a service. It seems clear that the
ability of the space data user to successfully apply the data would

be greatly enhanced by an ADS.

The specific services desired by the OSTA users without overall
economic analysis were identified by the study. These potential ADS
services which would contribute to the overall efficiency of OSTA re-

search are:

e A data cataloging service would speed data access and would
enhance investigators' awareness of data to support their
studies. The catalogs should be comprehensive as to breadth
and content of information in each data set. Hierarchial des-
criptors should be provided to accommodate various levels of
user required data. The initial access level would contain
the generic identification (e.g. name, source, location,
period of record, measured or derived quantities/parameters)
for each data set.

Subsequent hierarchial levels would enable potential data
users to browse and review the data set contents. Informa-
tion at this level should include data set characteristics,
such as resolution and level of reduction; quality control
steps applied; data limitations and restrictions on data set
usage, data volume and form, data availability for a speci-
fic location and appropriate cross-references to related data

sets.
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The next level of information should include detailed descrip-
tions of instrument operations, data collection procedures,
processing algorithms, and validation results.

Catalogs should also be available to identify available soft-
ware routines, and data interpretation/manipulation tools and
techniques.

Discussion at the ADS workshop indicates that such a catalog
service would be best implemented in a distributed manner.
Separate catalogs should be maintained by the individual data
producer archives, with access capability from a central cata-
log facility. The distributed nature of the catalog service
should be as transparent to users as possible. A user-oriented
interface for obtaining catalog information should be a major
objective of an ADS. This requires that an access/query capa-
bility be designed for ready use by even uninitiated users.

A request processing capability should provide the contact
point for initial inquiries. A request routing capability
should be provided internal to the system but it should be user-

transparent.

Key issues of importance that must be resolved during the
development of an ADS catalog service are:

- Establishment of standards

- Generation of catalog contents for past data and updating
procedures for current data.

A parameter extraction/assembly service would reduce the time
and expense required by researchers in acquiring and integrating
the multi-source data sets. This service would provide stan-
dardized multi-source and multi-temporal data set preparation,
data set sorting and merging, and data segment preparation.
Important facets of this service are data reformatting and in-
tegration services.
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Reformatting entails conversion of data from one form (digi-
tal, analog, textual, tabular or graphic) to another to
satisfy user requirements. Also included are code, coordinate
and scale conversions.

Data integration entails elements of both data set preparation
and reformatting. Potential processing operations required to
convert disparate data to a common form and scale include:

a) Multi-sensor, unitemporal and multitemporal registra-
tion, entailing the congruencing and rescaling of data
of different scale and aspect angles;

b) Geographic referencing;

c) Coordinate transformations, for example, space oblique
mercator to universal transverse mercator;

d) Data overlay and gridding;

e) Mosaiéﬁng, in which adjacent swaths of space or airborne
imaging sensors are equalized radiometrically, congru-
enced, rescaled, and laterally registered.

e Centralized accounting, scheduling and data traffic monitoring

serve to maintain track of user's expenditures and to supply
budgetary estimates.

Centralized facilities for processing data into parameters.
Development of parameter processing techniques should be handled
as a phased program, for key time persistent parameters. The
capability for scientific visibility, data quality control as-
sessment and parameter algorithms development and archiving
should also be provided.

Data delivery to users in user requested format with a factor
of three speed up for conventional products.
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Establishment and maintenance of an archive of products de-
rived by OSTA discipline researchers. The archive should
provide data cross-referencing and should be constructed to
serve both the internal and external user community. Archives
should include browse, on-1ine order transaction and message
processing capabilities.

Establishment of comprehensive data format, standards and
protocols particularly required for the processing of multi-
source data sets.

Provision for standard on-Tine and batch processing of requested
data including specific data reformatting, resampling, and radio-
metric correction.

The ADS service should be electronically linked into the major
auxiliary data systems services; in particular, EDIS, USGS
National Center and NAWDEX.

The nature of many of the OSTA disciplines makes it advanta-
geous to provide an archive of processed intermediate products,
both to support multiple investigations and for historical pur-
poses.

The availability of standard classification schemes and para-
meter extraction algorithms from a centralized facility would
enhance researcher performance. The various classification
algorithms and procedures should be carefully annotated as to
input requirements and utility, and should provide appropriate
caveats as to applicability, time to process and expected per-
formance accuracies. An interactive user-training capability
would probably be a useful adjunct. The facility would have
to maintain continuous updates on classification schemes and
algorithms and process online.

1-29



_—.4 —————

e Acquisition processing and delivery of historical data is of
great importance to several disciplines, the most notable of
which is Climate. The ADS should establish the historical
data service function.
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2. INTRODUCTION

In the 1980's applications are moving into a new era of maturity
where effective use and manipulation of multiple source data are key

to applications success.

NASA is entering an era of large scale modeling, tackling appli-
cations which require the timely access and integration of data from
multiple sources. Since each of these sources may in fact have its
own access protocol and product form, such integration frequently re-

quires the development of extensive access and conversion capability.

The Application Data Services (ADS) concept has risen from the
recognition, through a decade of research, that the quality achievable
from space data can be significantly enhanced by combining them with
other data, either derived from complementary space sensors, or ob-

tained from supplementary conventional sources.

Moreover, it appears that a considerable cost savings to NASA
could be achieved by taking advantage of the commonality of require-
ments between the various applications disciplines. A common ap-
proach to meeting future data access and integration requirements,
such as that proposed by the ADS, should improve the efficiency of
individual projects while avoiding duplicate systems development ef-

forts.

The objective of the Application Data Service (ADS) is to pro-
vide timely, affordable, accessible and readily usable multisource,
multi-discipline data products to applications researchers and user
government agencies.
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Hence, the scope of the ADS objective includes catalogs and inter-
faces to all OSTA affiliated users and producers of data, including data
dissemination and data services support to the mission agencies such as

NOAA.

Services range from structured directories -- whose consultation
can advise the users on the characteristics of available data -- where
to find them, in what formats, how quickly, at what cost, whom to query;
to providing services such as centralized accounting of moneys, budgetary

estimates, logging of in-and-out data flows.

The ADS Plan is to meet future OSTA Data access and integration
needs by building upon existing and planned Applications data systems.
It will encourage the convergence of those systems and their products

into a compatible and integrated: structure, via a two-pronged approach:
® Definition of data and data systems standards

e Development of a network service for data transmission and
integration.

The standards will provide guidelines for future programs: their
definition and application will assure the natural evolution of future
data and data systems compatibility. The network service, will stream-
Tine that systems efficiency. It will provide a single service to
access data, provide required format conversions and integrate the

cross-correlative data sets required by multiple users.

As to the networks, available technologies range from conventional
mail through electronic delivery, with access at designated data ar-

chives and delivery to user terminals.
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Services can range from structured directories whose consultation
can advise the users on the characteristics of available data -- where
to find the, in what formats, how quickly, at what cost, whom to query;
to providing users with needed tools, such as gridding, overlays; and
to supplying special services, such as centralized accounting of moneys,

budgetary estimates, logging of in-and-out data flows.

Some users wish to receive data in their pristine form, and to
perform their own manipulation: special services can provide the
function of maintaining cognizance and delivering data-handling al-

gorithms.

Other users desire data whose elaboration has progressed onto
further stages: for these, special data services could supply central

processing, e.g. geometric correction.

An important consideration, reflected in Section 16, is the
eventual implementation of ADS by private commercial enterprise.
Closely related thereto, also examined in Section 16, is the expected
growth of technology, whose principal impact upon ADS is the reduction
of costs and the increase of sophistication of data handling hardware

and software foreseeable from such technological progress.

The technical problems facing the proposed Data Service are in-
herent in the current state and practice of the data storage and dis-

semination art. Six main characteristics of current methods will suf-

fice to illustrate:
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Only a Timited number of space data are available, and only
from a few sources, in well-defined catalogued format and
easily retrievable form;

Most conventional data 1ie in widely dispersed repositories---
no single, standardized directory is available as to their
whereabouts, content, availability;

Data exist in a variety of forms---analog, digital, imagery,
tabulations, books, reports...

Methods of data delivery vary among the data repositories---
some insist on personal visits and on-the-spot copying, others
react to telephone or mail inquiries, very few serve users by
electronic methods;

Deliveries, formats, freshness of data differ highly among re-
positories;

Standards of data quality differ--no guide is extant to steer
the searcher as to which data are generally reliable, which
should be used circumspectly.

These design challenges will have to be coped with in future work

phases.

This report's purpose is to present the ADS technical drivers

in organized perspective.

The report's structure is designed to answer the questions:

What are the NASA OSTA uses

What are the principal data problems driving the prformance of
each use

Who are the users of the data within the NASA research community

What data characteristics do they perceive to be required
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o What space-derived data exist now, what can be expected available
in the 1980's, from what sensors and platforms, with what charac-
teristics

¢ MWhat auxiliary data are available, where, how to retrieve them

o What technical improvements and cost reductions can be expected
to become available from the evolution of technology, and what
is their foreseeable impact on ADS.

Methodology Employed and Structure of the Report

The material which follows presents a synthesis of the require-
ments by NASA users for OSTA space data and auxiliary data, through the

next decade, 1980 to 1990.

Current requirements were derived from analysis of NASA plans and
contributions by Discipline Scientists selected by NASA from within re-

sponsible Centers.

ECOsystems performed the functions of normalizing the diverse input
formats into which the data were cast, reconciling eventual discrepancies,
insuring the traceability of all items, and synthesizing the material
into common, visible form. The resulting material was validated in three
successive iterations by the Discipline Scientists and critiqued by Data

Systems Planning Workshop participants.

The requirements of the near future were derived also from existing
plans, and similarly validated. Because of its genealogy, the definition
of "near future" is not firmly tied to a specific date: rather, it re-

flects the time span over which the source documents project future
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programs. Generally, with variations among disciplines this horizon

extends from 1983 through 1985.

The further projection onto the 1985-1990 time frame was accom-
plished by extrapolating the various research activities from best
available internal and external evidence. As an example of the former,
some RTOP's project subsequent phases of their proposed program, even
though no funding is available beyond the near term horizon. As an
example of the latter, certain activities can reasonably be expected
to convert into operational endea?ors——to be performed by industrial
users or other Federal Agencies. OSTA's corresponding R&D activities
can be assumed to terminate on or about the projected date of such

transition.

As in all projections, the accuracy of forecast diminishes as the
time span recedes into the future. Nevertheless, the projections should
reflect a reasonable structure of OSTA's program to the end of the coming
decade when considered as a whole, barring of course significant break-

throughs or other radical redirections.

For example, it is not possible to foresee with exactitude whether
a particular spacecraft's future new start will in effect become reality.
It is however reasonable to assume that data missing through default of

a particular mission will be compensated by data forthcoming from others.

Every effort was exerted to permit the reader of this report to
trace the information herein contained to documented plans of NASA and
other Federal Agencies involved in programs appertaining to the cor-
responding discipline.
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In order to fit the stated user requirements into the corresponding
programs, the selected approach required laying out an anticipated pano-

rama of OSTA and related missions, and eStimating the most probable

characteristics of the data to be generated by the corresponding sensors.

A natural fallout of the approach was a census of the current user

population.

Another effort censused the auxiliary data bases currently in exis-
tence within the Federal Government, and categorized them by their prin-

cipal characteristics related to their potential usage by NASA users.

During the course of the effort, several queries were raised by
Project personnel and by sundry interested Discipline Scientists as
to the relationships and correlations between sets of data. To pro-
vide visibility from diverse interested viewpoints, the material, in
addition to being presented in topic-related format, was also arranged

to reflect the most significant correlations.

Detailed information on each of the above subjects is contained in
the "Compendium of OSTA Space Data Usage Information" prepared by
ECOsystems for the OSTA Data Systems Planning Workshop. This document
summarizes this information, and presents the results of the analysis
performed to extract therefrom the principal characteristics of an ADS

serving NASA users.

As further reference for the interested reader, the above "Com-
pendium" contains detailed description of user requirements, a Direc-

tory of space sensor characteristics and products, a Directory of
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Space and Auxiliary Data Bases, matrices correlating Space Missions,

Platforms, Sensors, Parameters.
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3.1 Description of Objectives and Content

The Environmental Protection Agency (EPA) is the U. S. Federal agency
responsible for monitoring, assessing and enforcing the purity of the

atmosphere.

EPA's principal tactical goals are defined by the 1964 Clean Air Act
and its subsequent amendments through 1977: "Abate and control air
pollution systematically by proper integration of a variety of research,
monitoring, standard setting and enforcement activities, and to serve as

the public advocate for a livable environment.”

Typical tactical concerns are with masses of polluted air which
significantly impair visibility and give rise to acid rain or with the
transport of oxidants, sulfates, nitrates and particulates which, in many
locales, exceeds ambient air quality standards and results iﬁ impact on

health.

EPA's strategic goal -- "to reinforce the efforts of federal agencies
with respect to the impact of their operations upon the environment" --
is motivated by the concern that the introduction of anthropoygenic byproducts
into the atmosphere may in the long run affect the earth's climate adversely,

even catastrophically.

Early concern centered upon the potential effect of COp in warming the

atmosphere. Major study efforts are currently ongoing on the subject.

Beginning in 1971, concern expanded to include potential effects of

other types of man-made products, notably exhaust emissions from high
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altitude aircraft and chloroflouromethanes. This concern is shared by

HEW, DOE and DOT. The Tatter two agencies contribute significantly in

- fostering research activities.

Congress directed NASA in 1976 and 1977 to develop and implement a
comprehensive program of research, technology, monitoring of the
phenomena of the upper atmosphere, in participation with the scientific

and engineering community and in support of cognizant federal agencies.

It turns out that the stratospheric processes are particularly
sensitive to the injection of the aforesaid substances. For one, strato-
spheric ozone filters the sun's ultraviolet radiation, otherwise harmful
to most forms of life. The photochemical processes that determine ozone

formation, destruction and net balance are poorly understood. The increase

in chemical content leading to new equilibrium values may alter this protective

ozone barrier.

OSTA's Air Quality Discipline program supports EPA's tactical and
strategic goals. Its objectives are to:

¢ Achieve understanding of large-scale dynamic and transport
properties of the troposphere using space derived data and
transfer the technologies developed to EPA.

¢ Achieve understanding of and assessment of man-made or
natural threats to the upper atmosphere.

Current OSTA Program

O0STA's efforts comprising the Air Quality Discipline fall into four

categories of R & D activities:
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AQ 1

AQ 2

AQ 3

Assessment of the Atmosphere's Radiative Properties

Acquisition and evaluation of data bases to determine the
role of ozone, aerosols and trace gases in the energy
balance of the earth.

Its significance is that global measurements of ozone and
other important atmospheric constituents, including
aerosols, are needed for correlation with measurements of
the earth's radiation budget to evaluate their impact on

world climate.

Assessment of the Atmosphere's Chemistry

Development and test of models describing atmospheric
chemical reaction rates for families of constituents, e.qg.,
those containing nitrogen, hydrogen and chlorine, using
remotely sensed distributions of source/sink molecular

species.

Its significance is that understanding of the atmosphere's
chemical processes is essential to develop methods for
forecasting atmospheric chemical concentrations and for
assessing the environmental and climatic impact of various

human activities.

Assessment of Atmospheric Composition

Develop and test active and passive remote sensors for
observing the distribution of atmospheric pollutants.

Significance is that advances in remote sensing technology,
coupled with increased capability of analytical modeling,
offers the best hope for significantly advancing local and
global air quality assessment. Currently no adequate large
scale pollutant distribution monitoring systems exist. This
R & D Activity's efforts support joint EPA/NASA initiatives.
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AQ 4 Assessment of Atmospheric Pollutant Transport and Dispersion

Development and test of models of pollutant transport and
dispersion, to assist interpreting the meaning of atmospheric
pollutant concentrations sensed from satellites.

Significance is that the transport of chemical constituents
takes place in response to atmospheric motions on a variety
of time and length scales. Understanding their mechanisms
is essential to developing the capability to explain and
predict pollutant concentrations.

Near Future OSTA Program

The program's philosophy is to demonstrate remote sensing techniques to
observe atmospheric pollution and to understand the characteristics and

distribution of tropospheric aerosols and pollutants.

The research elements of 0STA's near term Air Quality program are:

e The development of algorithms for reducing global CO
measurements from the MAPS/0STA-1 experiment.

® The application of HSRL to visibility measurements.

e The development of global tropospheric models for sulfur,

ammonia, and aerosol systems.

An jmportant technological element of OSTA's Air Quality program is the
Upper Atmosphere Research Satellite (UARS) program, designed to provide a
data base on the physics, chemistry and dynamics of the stratosphere -- to

contribute to prediction and assessment of the effects thereupon of man-made

perturbations.
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Principal related technology development and utilization is in the

following areas:

® Monitoring/detection of visible polluted air masses from
aircraft and satellite data

o Continuation of the LAS measurement techniques for regional
scale pollution episode

e The continued support of ground-based OH and CO measurements

o Aircraft measurement of stratospheric nitrogen and ozone,
atmospheric gas constituents halocarbons, nitrous oxide and
methane

o The development of data sets from NIMBUS-7 and SAGE (ozone)

e The continuation of the development of the data set for UV
Solar Flux variability

® The extension of the global air quality monitoring program
beyond NIMBUS and SAGE using a shuttle-borne high-speed
interferometer

¢ The development of data sets from HALOE and Solar Mesosphere
Explorer (SME) to determine the effect of incoming solar
radiation ozone.

Future OSTA Program

The long range goals are to assess man's impact on the troposphere and

the production and long range transport of oxidants and sulfates.

Key program plans are:

¢ Development of laser methods for detecting trace components
OH and HOZ'
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® Investigation of the role of non-methane hydrocarbons in the
CO budget

e Assessment of the role of the stratosphere-troposphere exchange
in the global ozone budget

e Determination of the global concentrations, sources and sinks
of ammonia

Figure 3.1 presents a graphic synopsis of 0STA's Air Quality Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the program. The subsequent
portion and continuation sheet refiect the program's endeavors for each
identified R & D Activity. Each element is referenced to its pertinent

source documents; their titles are listed at the end of the Figure.

3.2 Relationships Between Data Services and the Air Quality Discipline

Figure 3.2 summarizes the requirements for space-derived data products

expressed by the users.

Users are interested in obtaining parameters. These are intermediate
information products derived from sensor measurements, elaborated via the
application of appropriate algorithms. For example, atmospheric wind
information derives from remotely sensed cloud motion data elaborated in
conjunction with cloud top emissivity and radiance, atmospheric absorption,

sensor calibration data.

At this time, NASA users in the Air Quality Discipline are in the

process of developing such algorithms. For this purpose, they wish to
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FIGURE 3.1 (cont'd)
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receive raw space data, augmented by the auxiliary data summarized

in Table 3.1.

The volume of required data is modest and sustained through
the 1980 decade at approximately 25 Gigabits/year. The volume required
of auxiliary data, from Table 3;1 is approximately one-third that of

the space data.

From Figure 3.1 OSTA's program is essentially devoted to research
efforts throughout the next decade, 1980-1990. Table 3.2 shows that the
corresponding acceptable time Tapse of data delivery is of order two to

four weeks.

The investigation of regional scale poliution episodes, Figure 3.1,
involves activities of technology transfer. These latter can acquire
two forms: 1) algorithms and models developed by NASA researchers are
tested on EPA-furnished facilities; or 2) they are tested on NASA
facilities with participation by EPA personnel. The first form of trans-
fer does not impact ADS because by current definition, ADS is intended
to service NASA researchers only. In the second event, the timeliness
requirements for data transfer would be of order of at least weekly,

possibly daily.

Thus, during the 1980-1990 time frame, in which, and with possible
exception of the aforesaid technology transfer activity, ADS data transfer
requirements can be satisfied by a service of data rate comparable to

that of the U.S. mail.
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TABLE 3.2

R & D ACTIVITY
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Horizontal Resolution (¥YM)
Minimum 1 1 1 1
Maximum 500 500 500 500
todal -+ 1 1 1 1
! Vertical Resclution {XM) .
Minimum 1 1 1 1
Maximum 5 5 5 5
Modal 1-5 5 5 5
Frequency
Minimum 1 Day 1 Day 1 Day 1 Day
Maximum 1 Day 12 Hrs. 12 Hrs. 6 Hrs,
Modal , 1 Day 1 Day 1 Day 1 Day
Data Delivery .
Research Investigations 4 Weeks | 4 Weeks 4 Weeks 4 Weeks
Technology Transfer 4 Weeks | 1 Week 1-2 Weeks 1 Week
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TABLE 3.2 (Cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THER USERS:

(SPECIAL SERVICES)
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This relatively slow data rate for ADS should not be confused with the
essentially real time rates of data conveyance currently being planned for
the UARS program. The reason is that these pertain to direct transfer of
data from satellite to user, not from data archives to user. As such, this
portion of UARS is essentially a self-contained entity, and does not impact

ADS as currently defined.

The slow data delivery requirements do not necessarily connote that
electronic linkages are not desirable. They simply indicate that the
choice of the link is driven by economic cost-effectiveness rather than
by technical urgency. For example, a plausible ADS scenario may well
incorporate a centralized accounting, scheduling and data traffic monitoring
facility; which maintains track of expenditures on the part of the users,
supplies them budgetary estimates, advises them of impending depletion of
project funds. Further analysis might reveal that such centralized
management function can be performed more cost-effectively through use of
electronic data Tinks than.through other conventional alternatives; quite

apart from considerations of speed.

As a gross sizing of the "electronic link" alternative, the corresponding
transfer requirements are such as to engage the equivalent of approximately
3 to 4 data links of 1,200 bps capacity each, operating on a one shift,

normal work week basis.

Because the driver is economics, not technology, system tradeoffs can
exploit to the fullest special tariff structures and price breaks: e.g.,

discounts for off-time operation, quantity savings from use of bulk
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bandwidths, use of satellite 1inks whenever transfer distance exceeds the

cost breakpoint (currently of order 900 kilometers).

Analysis of Table 3.3 leads to the inference that user services related
to imagery manipulation -- e.g., geocoding, superposition of formats,
gridding -- will impose significant technological requirements upon ADS.
This is because relatively high spatial resolutions are required to satisfy

the users, as per Table 3.3.

Users need to have available approximately 5 types of significant
algorithms, Table 3.2, to be variously applied to derive each parameter.
A potential evolutionary trend in the latter part of the 1980-1990 decade is
the transition from user -- peculiar development of these algorithms to their
routine use -- after the necessary confidence resulting from high "batting

averages" will have been achieved.

Such evolutionary development would open the ADS to the opportunity of
providing a centralized algorithm processing function. Algorithms which
reach fruition would be transferred to this function for conventional

processing: the researcher would retain the function of developing the newer

generations of algorithms.

3.3 Implications of ADS on the Air Quality Discipline

Analysis of the requirements of the Air Quality Discipline users
yields the following points:

® Approximately 80% of current users are involved in developing
sensors and algorithms for the remote assessment of air pollution
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TABLE 3.3
DATA SERVICE REQUIREMENTS FOR THE
AIR QUALITY DISCIPLINE
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parameters. These investigators generally provide their own
data services. Incorporated into a general data service, these
users do not typically engender speeded-up data delivery times
and are relatively insensitive to product costs.

e Approximately 20% of current users are involved with developing
the UARS program -- which includes MAPS, HALOE. By UARS's imple-
mentation time, approximately 1983-85, they will be provided
rapid data delivery to accommodate the "smart terminal" on-line
data system proposed for the program.

e The planned UARS data system represents in essence a self-contained
"mini-ADS".

o Interaction between UARS researchers is desirable. An impor-
tant service would be storage of data for at least 18 months,
and provision for their near-real time availability.

e Users require central storage and retrieval of algorithms and
atmospheric models and capability for interacting these with
data bases on atmospheric circulation, e.g. NCAR.

¢ Current programs, e.g. MPAS and HALOE, require merging of
significant quantities of auxiliary data. Reformatting and

overlay services are desired.

ADS could provide valuable services to Air Quality Discipline users

in the following aspects:

® Experience of other programs (e.g. LACIE Supersites,’ GISS) shows
that data collected by individual investigators is generally
valuable, but tends to dissipate with time. ADS could serve
other interested NASA investigators by providing the service of
collecting, centralizing, archiving and making available these
data for retrieval, including the important function of providing

uniform quality control.
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ADS could provide UARS data system with: a) optimization of
procurement policies for “smart" terminals, of which 20 are
planned. This would be particuTar]y significant in view of

both UARS's and ADS's potential expansion post-1985; b) standard-
ization of data systems procedures and techniques. UARS could
serve as a model for AD53 to be adapted to take into account the
requirements of the other twelve OSTA Disciplines.

Use of the UARS data system as a plug-in module to ADS, to
provide interchange of data.

Augmentation of UARS with the desired storage and retrieval
capability for data and algorithms, and for interaction with
other data bases, if not fully provided by UARS.

In summary, the principal impact of an ADS upon the users of the

Air Quality Discipiine would be reduction of time required to access

data; and enhanced interaction capability with other OSTA Air Quality

investigators.

The most significant functions of a data service to promote in-

creased efficiency are:

Establishment of an automated interactive data system to col-
lect and archive user-peculiar instrument development data

Standardization of data system procedures and techniques in
order to accept UARS data systems outputs and to expand UARS
automated data systems capability to other discipline data
bases.
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4.1 Description of Objectives and Content

NOAA is charged with structuring and directing the National Climate

Program.

The Program's stated goals, established by Congress in 1977, are
"to assist the nation to more effectively cope with climate-induced
problems by enabling the forecast of climate fluctuations to assess
domestic and international impact of climate fluctuations and to de-

termine man's influence on the regional and global climate system."

The National Climate program includes three major areas of ac-
tivity:

o Climate Impact Assessment

e Climate System Research

Climate Data, Information and Services

CLimate Impact Assessment involves identifying and quantifying
how climate variations affect the ecosystem and society, measuring
the resource attributes of climate, and developing response measures

and strategies to cope with adverse climate variations. Its defined

objectives are:

® Assess the biological and physical impacts of climate
fluctuations that are significant to energy, environment,
food production, water resources, and other areas of so-

cietal concern.

® Assess the socioeconomic implications of climate fluc-
tuations and the consequences for response strategies and

options.



8 Develop and test measures for assessing the interactive im-

pact of climate fluctuations, on land and water resources,
socioeconomic and geophysical processes.

CLimate Systems Research seeks to better understand the nature

of climate processes and the mechanisms that produce variations

of climate. Its objectives are to:

improve knowledge of the temporal variations of global
and regional climate.

improve knowledge of the mechanisms responsible for
climate variability.

develop dynamical and statistical models capable of
simulating climatic behavior.

apply climate models to assess the sensitivity of climate
to natural or anthropogenic perturbations.

assess the predictability of climatic behavior and
develop prediction tools.

CLimate Data Information Services addresses four objectives:

Observations: provide measures that establish an accurate
and reliable record of the climate system's behavior.

Data Management: assemble, provide quality control and archive
climate data and ensure that appropiate data sets are available
and accessible to users.

Analysis and Projection: interpret past and present climate
conditions; provide accurate, useful and timely information
on current and future climates.

Information Services: develop and deliver climate infor-
mation to users having responsibilities in managing
climate - sensitive sectors of the economy and government.
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OSTA supports the National Climate Program with a related program
of R&D activities. The objective of 0STA's Climate Discipline program
is "to advance our practical understanding of the behavior of the climate
system by concerted use of the global observational capabilities of space

technology, of the data management and analysis capabilities of NASA and of

the scientific community both without and within NASA.

The objectives of OSTA's Climate Discipline program are:

o Develop Climate Data Sets, e.g. precipitation nver oceans,
sea-ice concentration, ozone, radiation budget from the
satellites observations

o Develop Models - varying degrees of complexity ranging from
Global General Circulation Models (GCM) to 1-D Energy Balance
Models for a variety of applications including investigations
of climate processes, sensitivity studies to define boundary
conditions upon which climate is dependent, simulations supporting
design of the observing system and optimum sampling procedure. The
emphasis of climate modeling is in testing the contribution
of satellite data to the prediction of climate.

® Develop Remote Sensing Observation System. An earth radia-
tionbudget satellite system is planned. Also, improved techni-
ques for observing sea surface temperatures, temperature pro-
files, wind profiles, precipitation, sea surface height, soil
moisture, ice sheet thickness and motion.

® Perform Special Studies in six identified areas:

aerosol effect, cloudiness and radiation budget,air/sea
interactions, cryospheric processes, hydrologic processes
(including precipitation, soil moisture and evapotranspira-
tion), and sun/climate relationships.

Current gSTA Program

OSTA's efforts comprising the climate discipline fall into six

categories of R&D Activities:




cL1

CL 2

Assessment of the Solar - Climate Coupling

Elements include:

= Evaluation and interpretation of the relationship
between solar behavior and the cyclic behavior of climate
as deduced from historical records.

=  Measurement of solar brightness changes by improved
measurement of the solar diameter.

= Investigation into the nature, cause, and magnitude
of electrical coupling between the magnetosphere and
middle atmosphere during auroral substorms, including
the mapping of magnetospheric electrical fields.

The significance of this R&D Activity is that small varia-
tions in the sun's total or spectral radiant output can
substantially affect weather and climate. Proper compre-
hension and description of such processes permits their
incorporation in models used to forecast climate and
weather, thereby improving prediction capability.

Assessment of the Earth's Radiation Budget

Deduction of the atmosphere's radiative heating and cooling
properties from remote measurements of chemical, trace and

aerosol constituents.

Development of global cloud atlases to determine the re-
lationship between cloudiness and the earth's radiation budget.

Location of atmospheric sources and sinks of energy in
regions of climatic interest to determine empirical rela-
tionships between the energy budget and atmospheric

dynamics.

This R&D Activity is significant because variations in
the energy exchange between the earth-atmosphere system
and space affect regional weather and evapotranspiration.
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CL 3

CL 4

The zonal gradient of net radiation from equator to pole is
an indicator of the amount of energy that must be transported
by large-scale ocean and atmosphere circulations.

Clouds have a large effect on the radiation balance. Know-
ledge of the detailed relation of clouds to large-scale cir-
culation and to radiative energy transfer is important to
understand the impact of the circulation-cloud feedback loops
on climate.

Integrated Climate Modeling

Climate modeling activities seek to obtain quantitative
understanding of climate processes, to support the develop-
ment of space observing systems, and to develop techniques
for effectively utilizing space-acquired data in climate
analysis and prediction. These activities include the
development of Statistical-Dynamical Models (SDM), the
utiltization of General Circulation Models (GCM) and the
analysis of satellite and conventional climate data.

The models are used to:

= determine the sensitivity of climate to various atmo-
sphere, land, ocean and cryosphere parameters and
various time scales.

= perform simulations of potentié] observing systems.

= assess to what extent and on what time scales one can
expect to forecast climate.

Assessment of the Interaction between Cryosphere and Climate

This R&D Activity is related to the Cryosphere Discipline.

The long term monitoring of global ice and snow deposits
centers on developing and utilizing techniques of observation
and data interpretation, quantitatively measuring parameters
which determine energy exchange at the earth's surface (albedo,
latent heat).




-~ ——

CL 5

CL 6

The key results will be the compilation of data sets of
the extent of sea ice surface melting, and of ice accumu-
lation patterns.

The significance of this R&D Activity is that the extent
and duration of snow and ice cover are key variables in the
earth's heat balance.

Assessment of the Interaction between Land and Climate

This R&D Activity is related to the Water Resource disci-
pline investigations of soil moisture and evapotranspiration.

Techniques for globally distributed measurements of soil
moisture and evapotranspiration are being developed, based
upon remote measurements of surface cover and especially
adapted hydrologic models.

Their significance is that the flux of latent heat locked
within water vapor from the surface to the atmosphere, and

its subsequent release through condensation and precipitation,
constitutes the largest single heat transfer mechanism within
the atmosphere. Evapotranspiration patterns which vary due
to changes in soil moisture, groundwater and vegetation are an
important contribution to climate variability.

Assessment of the Interaction between Ocean and Climate

Development of techniques for remotely measuring surface
temperature, heat flux and rainfall over the oceans; and
their use in global models to determine ocean-climate in-
teractions.

The significance of this R&D Activity is that atmospheric
and climatic data are obtained regularly over only 22% of
the earth's surface. Only 2% of these observations are
taken over the 71% of the earth's surface covered by oceans.
Yet, ocean currents and related processes have important
effects on weather and climate.
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Near Future OSTA Program

The Program's philosophy recognizes the newness of the Climate
discipline and the consequent need for sufficient time to arrive at
significant results. As such, OSTA's near term program in the Climate
discipline envisions essentially the continuation of the R&D Activities
of the current program. A significant first fruit should be clearer
understanding of the various facets of climate; e.g. Climate B, pre-
diction; Climate C, basic knowledge; Climate X, impact of climate upon
human activities.

The program's technological trend is the collection and integra-
tion of remetely sensed data from diverse available space platforms
with possible focussing, later in the time frame, upon System 85,

Icex, Thermosat space platforms.

Future OSTA Program

The long-term goal centers around the continued support of the
National Climate Program. To this effect, OSTA's Program objectives
are:

e Exploit to the greatest extent practicable instrumentation
and data developed under NASA programs

® Build upon the expectation that the Global Weather Disci-
pline program will have matured sufficiently to provide
satellite remote sensing temperature profile, wind and
pressure instrumentation and data;

e That the Ocean Processes Discipline program will have
matured sufficiently to provide remotely sensed ocean tem-
perature profiles, wind, pressure measurements, and micro-
wave sea-surface temperature instrumentation and data;
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o and that the Water Resources Discipline program will provide
soil moisture instrumentation and data.

e Make available climate data sets to non-NASA users on an ad-hoc
basis as they become available.

e Begin engaging in technology transfer activities of global
mapping of aerosol and ozone profiles and regional climate
predictions in the post-1985 time period.

Figure 4.1 presents a graphic synopsis of OSTA's Climate Discipline

Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the Program. The subsequent
portion and continuation sheets reflect the Program's endeavors for

each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the end of the figure.

4.2 Relationships between Data Services and the Climate Discipline

Figure 4.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are
intermediate information products derived from sensor measurements,
elaborated via the application of appropiate algorithms. For example,
surface temperature information derives from remotely sensed radiance
data elaborated in conjunction with surface emissivity, atmospheric

absorption, sensor calibration data.
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FIGURE 4.1

CLIMATE DISCIPLINE TIMELINE
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FIGURE 4.1 (cont'd)

CLIMATE DISCIPLINE TIMELINE
R & D ACTIVITIES

REFERENCE NO. 78 ™ o 8! 82 83 8 8 86 87 88 &9 9
r‘~ SOLAR CLIMATE COUPLING —pn
204 } SUN/WEATHERy CLIMATE RELATIONSHIPS STUDIES
- RADIATION BUDGET ASSESSMENT ——
. 2 EARTH RADIATION BUDGET ASSESSMENT
14214 CLOUDINESS+ RADIATION AND SURFACE RADIATION BUDGET ASSESSMENT ————————
11243 AEROSOLS/ATMOSPHERIC CONSTITUENTS —
pe———————— GLOBAL MAP OF AEROSOL AND 0ZONE PROFI! ES
INTEGRATED CLIMATE MODELING |
_ MODEL SIMPLIFICATION AND INTEGRATION -
SYSTEMATIC MODEL SENSITIVITY STUDIES
3 - SEASOMAL CYCLE SIMILATIONS —— — 3
J——————Rec10NAL PREDICTARILITY STUDTFS ————
le—_ IMPROVE MODEL OF FOUNDAKY ] ‘ '
4 = CONDITIONS 1
o CRYOSPHERE - CLIMATE INTERACTION
3 J+ CRYOSPHERE - ATMOSPHERE INTERACTION =mm o e son e o e o e e ]
. PREPARE CKYOSPHERE DATA SETS FROM OLDER 1 UPDATE DATA SETS FROM NEWER
2.4 NASA SATELLITES | SATELLITES
LAND - CLIMATE INTERACTION -
‘ EVAPOTRANSPIRATION AND PLANT WATER STRESS ——+]
Je——————PRECIPITATION OVER LAND AND WATER Bt T
]
OCEAN CLIMATE INTERACTIONS >
' OCEANIC OBSERVATION SYSTEMS RAD
A fe——————————OCEAN HEAT STORAGE AND TRANSPORT AND ATMOSPHERIC COUPLING -
REFERENCES

1) ENVIRONMENTAL OBSERVATIONS REPORTs 10 YR. PLANs 1979
2) ENVIRONMENTAL OBSERVATION DIVISION FY80'-85, 1979
3) NASA 5 YEAR PLANNING FYB0'-84, (979

4) NATIONAL CLIMATE PROGRAM: S YR PLAN (PRELIMINARY)s 1979

4-10

LEGEND

| Flient Mission C————

2 Program Emphasis [ ——— ]

3 R&D Activity fe——

4 Continuous Activity —— st e

5 Technojoegy Transfer T
(Pilot/Application Tests Etc.)

6 Short Term Event A

7 Initial Ocerational Capability (+]
All lnyestiution Clas;u .




FIGURE 4.2

USER REQUIREMENTS FOR SPACE DATA PRODUCTS,
CLIMATE DISCIPLINE
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USER REQUIREMENTS FOR SPACE DATA PRODUCTS,

"PARAMETERS

FIGURE 4.2

CLIMATE DISCIPLINE (CONT'D)
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At this time, NASA users in the Climate Discipline are in
the process of developing such algorithms. For this purpose, they
wish to receive raw space data, augmented by the auxiliary data sum-

marized in Table 4.1.

The volume of required space data remains essentially constant
through the 1980-1990 decade, approximately 120 Gigabits/year. The
volume required of auxiliary data, from Table 4.1 is approximately

one third that of the space data.

From Figure 4.1 OSTA's program is entirely devoted to research efforts
throughout the 1980-1990 decade. Table 4.2 shows that the acceptable

time lapse of data delivery is of order four weeks.

Thus, throughout the decade, ADS data transfer requirements can be

satisfied by a service of data rate comparable to that of the U.S. mail.

The slow data delivery requirements of the early time frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the link is driven by economic
cost-effectiveness rather than by technical urgency. For example, a
plausible ADS scenario may well incorporate a centralized accounting,
scheduling and data traffic monitoring facility; which maintains
track of expenditures on the part of the users, supplies them budge-
tary estimates, advises themHof impending depletion of project funds.
Further analysis might reveal that such centralized management function
can be performed more cost-effectively through use of electronic data

links than through other conventional alternatives; quite apart from

considerations of speed.
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SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS:

TABLE 4.2

(OBSERVATIONS)

R & D ACTIVITY

- (L] o
w = =
— o= w W w (o
< o0 W [=} (=1 — = < Z
-5 =z [= =] wo < O =%
— Z WUV W= (s X — —
e own — w —— -
(S -4 —ld <C Wi W —_ -2
— = vy o = a = O < <
o J < O << V) <T o z
< o — < w X (=~ o w <
—_ o - — > = = — - —
oo <L = @ < Z Wz
VIO o< — (SN - C -
REQUIREMENTS Cl c2 c3 ca c5 ce
Horizontal Resolution {(KM)
Minimum 0.1 5 1 0.05 200 200
Maximum 500 100 500 0.5 500 520
Modal 500 500 200-500 |0.05-0.5 | 200-500 | 220-500
Vertical Resolution (KM)
Minimum N.A. 3 0.5 N.A. N.A. 2
Maximum N.A. 3 30 N.A. N.A. 10
Modal N.A. 3 1-10 N.A. N.A. 1
Frequency
Minimum 6-12 Months |1 Month |1 Week 1 Month |1 Month {1-3 Days
Maximum 1 Day 1 Week 1 Day 1 Week 1 Month |1 Jay
Modal 1 Day 1 Month |1 Week 1 Month |1 Month |1 Day
Data Delivery .
Research Investigations 1-6 Months| 1 Month} 1 Month| 1 Month [ 1 Month| 1 Month
. *  Technology Transfer N.A. N.A. N.A. N.A. N.A. K.A.

CLIMATE




TABLE 4.2 (Cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS

€1

c2 c3

C4,

c5

Cé

Locate Organize and
Make Available Paleo-
climatic Data in a
Computer Compatible
Form

Collect & Maintain
Correlary Auxiliary
Data Sets for Inter-
Agency and Interna-
tional Rocket Ex-
periments

Digitize and Map
Auxiliary Data to
Facilitate Analysis

Produce Global Maps
of Monthly Averaged
Earth Radiation
Budget with Uniform
Spacial Resolution

Maintain an Archive
of A/C Sensor Test
Tapes

Reformat Satellite
Data to Conform to
Standard 46 X 72 and
72 X 120 Global Grid
Cells

Obtain and Archive
Observational Data
Sets of Identified
Parameters for use

in Evaluating the
Ability of SDM and
GCM Models to Simulate
Climate Processes

Cryosphere Related
Observations in
Gridded Registered,
Spacially and
Temporally Average
Formats (Maps)

. Calibrate and Extract

Cryosphere Related
Parameters from Raw
Satellite Data, and
Archive & Distribute
these Observations

Digitize and Format
Radar Data to Conform
to SMMR Geographic
Coordinates

CLIMATE




TABLE 4.2 (cont'd)

SUMMARY OF DATA PRGDUCTS CHARACTERISTICS DESIRED BY THE USERS: CLIMATE
(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS Cl c2 3 | ca cs

Photochemical Models of the
Upper Atmosphere

Ozone Transport Models

Atmospheric Energy Balance
Models

| Radiative Transfer

Cloud & Aerosol Volume
| Scattering Coefficients X

j Spacial and Temporal
. Parameter Interpolation
* Schemes X

Surface Temperature
Algorithms X

Snow/Ice Fraction Data
Extraction Algorithms X

Evapotranspiration
Algorithms X

Improved Boundary Layer
Models y » X

Upper Ocean Heat Balance
Models

Improved Ocean Circula-
tion Models
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As a gross sizing of the "electronic link" alternative during the
“sTow" R&D time frame, the corresponding transfer requirements are
such as to engage the equivalent of approximately 16 data links of
1,200 bps capacity each, operating on a one shift, normal work week

basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite Tinks whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 4.2 and 4.3 permits the further inference that
most user services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will not impose significant technological
requirements upon ADS. This is because relatively low spatial reso-
lutions are adequate to satisfy the users. A notable exception is
represented by R&D Activity "Cryosphere Climate Modeling," which however
represents a relatively small portion of the total Climate Discipline

Activity.

Much more stringent requirements apply to quality control of the

data, and to the merging of scalar-vector types of data. This is because

the achievement of meaningful results in Climate investigations requires

high accuracy for all relevant data: the Climate researcher seeks to ascertain
the presence of small deviations from long-term trends, e.g. fractions of a

degree steady temperature drop over a decade.
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TABLE 4.3

DATA SERVICE REQUIREMENTS FOR THE CLIMATE DISCIPLINE

SOLAR-
CLIMATE
COUPLING

EARTH

BUDGET

RADIATION

ASSESSMENT

INTEGRATED
CLIMATE
MODELING

CRYOSPHERE
CLIMATE
INTERACTION

LAND-
CLIMATE
INTERACTION

OCEAN-
CLIMATE
INTERACTION

DATA

Data Catalog

<
“"Data Dictionary

Computer Search

DATA

Qualtlity Control

Data Sorting

MATTING |EpiTIinG LOCATION

REFOR

Form Conversion
Code Conversion

Coordinate
Conversion

Scale Conversion

ASSEMBLY

Data Segment
Preparation

Data Set
Preparstion

DATA INTEGRATION

Single-Source
Multi-temporal
Data Registration

Single-Source

Multi-temporal
Data Merging

Multi-Source
Uni-temporal
Data Regis-
tration

Muiti-Source Uni

temporal Data
Merging

Data Gridding
Data Overlay

Ilmage Mosaicing

SPECIAL
PROCES

SING

Aadiometric
Correction

Geometric
Correction

Other

DAT
MGM'T

Data Archiving

Dntoa Dolivory

OTMHER

| 2

® High Value Data Service

Note I: Prepare
2: Prepare
3: Prepare
4: Prepare
5: Prepare

Data Summaries
Data Summaries
Data Summaries
Data Summaries

Summaries of Ocean Rain Fall.

® Desirable Data Service

of Solar Constant

of Cloud Cover Distributions and Radiation
of Monthly Snow/Ice Cover

of Seasonal Soil
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Moisture Changes
Surface Temps Winds




Users need to have available in excess of 20 significant algorithms,
Table 4.2. A potential evolutionary trend in the latter part of the
1980-1990 decade is the transition from user-peculiar development of
these algorithms to their routine use--after the necessary confidence

resulting from high "batting averages" will have been achieved.

Such an evolutionary development would open the ADS to the opportunity
of providing a centralized algorithm processing function. Algorithms
which reach fruition would be transferred to this function for conven-

tional processing: the Researcher would retain the function of devel-

oping the newer generations of algorithms.

4.3 Implications of ADS on the Climate Discipline

The Atmosphere Panel at the Data Systems Planning Workshop con-
cluded that:

e Current archives of Climate data on magnetic storage media (CCT)
are deficient: data sets are incomplete and need better quality
control

o Budget initiatives planned by NOAA (EDIS) for FY82 to correct
deficiencies should bear fruition approximately in 1986

e NOAA (NCC) is procuring a mass storage facility, and is de-
veloping a data base management system accessible by remote

terminals to be ready by late 1985

Procurement is underway at NOAA for a full-resolution GOES

mass storage data archiving system

An inventory system for NOAA satellite data, accessible from
remote terminals is scheduled to be on line in 1985. NASA
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accessing could possibly begin as early as 1983. Data trans-
mission of large quantities of data over communication lines
is not planned - mail delivery of tapes is contemplated due
to transmission costs.

The results of the analysis of the user requirements for the

Climate Discipline are:

Rapid data delivery is generally not a critical requirement.
The provision of mail delivery of copies of CCT will suffice
for the large majority of users. A provision for on-line
data access should also be made available for experiments
with interactive auxiliary data requirements.

The data base for Climate studies is jointly divided between
NASA and NOAA. Many researchers indicate that the time and
expense required for digesting the large number of tapes in-
volved in constructing data sets limits their performance.

Users generally agree that a climate data catalog service is
essential. Its concept should be flexible to allow inclusion
of externally generated pedigree and use information. At
least a three level hierarchy structure is required.

The highest level should include brief data identification,
content summary, potential applications.

The second level should contain all information important to
users of the data: either via a quick-look capability or at
least through samples of the data product, probably in gra-
phical form. Key information to be included are: data char-
acteristics; data limitations; indices to pertinent data ex-
perts; supporting computer programs and documentation; direc-
tories to specific data; format descriptions.

The third catalog level should include supporting data set
documentation essential for most data uses. '
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o Development and testing of Climate models for predicting
monthly, seasonal and interannual, climate variability gene-
rally requires the availability of numerous data sets.

Due to the cost involved, users typically spend considerable
time in preselecting, editing and summarizing the data sets

prior to acquisition. Climate users indicated the need for

an interactive data system to both reduce the time involved

in building comprehensive Climate data sets and the costs of
data acquisition.

In summary, the principal impact of an ADS upon the users of the
Climate Discipline would be economic, i.e. significant reduction in the

time and cost involved in building comprehensive climate data sets.

Two functions would be paramount in promoting increased effi-

ciency:

o A comprehensive data catalog to assist users in data selec-
tion and location, both for primary and auxiliary data sets.
Key features of the catalog would include data pedigree.

e Establishment of an automated interactive system to assist
users in previewing, editing and summarizing climate data
sets.



5.1 Description of Objectives and Content

New U. S. responsibilities within the coastal zone have resulted from
recently enacted public law, international treaties, executive orders, and
regulations which require government management of vastly increased off-
shore areas and impose an increased number of tasks upon agencies responsible

for coastal zone management.

The U. S. Coast Guard (USCG) is charged with:

e Patrolling the new 200 nmi coastal zone

e Patrolling large international fisheries areas

® Regulation of oil tanker navigation (pending legislation)

® Protection of marine mammals (porpoise, whales)

NOAA's National Ocean Survey charts U. S. coastal and Great Lakes
waters, monitors and predicts tides and tidal currents, tests new oceano-
graphic sensors and is developing a system of automated ocean data buoys.
NOAA's Environmental Research Laboratories conduct programs aimed at improving
our understanding of the physical proccesses and mineral resources of the
marine environment. The National Marine Fisheries Service conducts broad
research and service programs aimed at improving our comprehension and use
of ocean's 1iving resources. The National Weather Service provides a wide
variety of marine and oceanographic reports and forecasts and transmits
timely warnings of natural hazards. The Environmental Data Service manages
and processes the world's largest collection of marine environmental data.
The National Environmental Satellite Service is developing ways to monitor

events in the global ocean from the vantage point of space.
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The Office of Sea Grant provides assistance to educational institutions
and states, principally for research and advisory services to aid in planning
marine activities. The Office of Coastal Environment acts as a focal point
for aiding government, the public, industry, universities, and other

institutions in their efforts at coastal zone management.

The major thrust of the OSTA Coastal Zone Discipline program is the
development of space technology to meet the present and future coastal
zone monitoring requirements of federal agencies. The OSTA Coastal Zone
Discipline program also plays an active role in assisting state agencies
to enhance their capability to monitor and manage the portions of the Coastal
Zone Management Act which authorize the use of technical and financial federal
resources to encourage and assist states in the development and operation

of comprehensive coastal zone management programs.

Current OSTA Program

The OSTA efforts within the Coastal Zone Discipline are related to five

categories of R & D activities:

CZ 1 Wind/Wave Interactions

Measurement techniques and algorithms are being developed to
assess the transfer of momentum between the atmosphere and
the ocean in the near shore regions.

Wind shear drives the ocean surface layer motion which move
fish larva and oil spills, cause storm tides and subsequent
upwelling in the coastal areas. An understanding of wind-
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wave interaction is also important to ship routing, ship
operations scheduling, ship design, resource exploration,
sea state and current forecasts, iceberg forecasts,
resource and pollution management which are treated in the
Ocean Processes and Cryosphere Disciplines.

CZ 2 Coastal and Estuary Circulation

Measurement techniques and algorithms are being developed to
assess coastal circulation patterns due to tides, fresh water
influx, land surface runoff, geostrophic currents and under-
water springs.

Knowledge of the circulation patterns is important to

coastline e}osion management and to assessing and forecasting
coastal marine resources and fisheries yields, and to provide
ncreased understanding of the potential impact of pollutant

i
+
i

-3

t and dispersicn processes in the coastal zone. Coastal

and estuarine circulation patterns also depend upon the
Coastal wind/wave interaction investigations.

CZ 3 Coastal Thermal Balance

Measurement techniques and algorithms are being developed to
estimate thermal transport in the coastal zone area; including
thermal and water exchange with the atmosphere and with human
activities such as power plant thermal plumes.

The results of these investigations provide important inputs
into regional and local weather and climate forecasting models.
In addition, the thermal balance effects biological production
and pollutant impacts on biological growth.

CZ 4 Coastal Biology and Chemistry

Measurement techniques and algorithms are being developed to
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assess coastal ocean biological and chemical processes.

Biological growth patterns are important in locating and
maintaining marine fish and aquaculture resources. Chemical
pollutants affect this biological balance and their transport
and dissipation is important.

CZ 5 Coastal Bottom Topography

Measurement techniques and algorithms are being developed to
measure coastline bottom topography, shoreline changes, and
sediment transport.

Changing coastal shorelines and bottom topography affect
navigation, drilling rig foundation stability, beach
maintenance feasibility, and harbor shoreline erosion.

Near Future OSTA Program

The near future goal of the Coastal Zone Discipline Program is investiga-
tion of advanced monitoring techniques applicable to near and long-term coastal

zone monitoring problems.

The program incorporates aircraft and in-situ research with the emphasis
on coastal and estuary circulation and biological processes. Some space

demonstrations, based primarily on Nimbus 7, are also planned.

The research elements of OSTA's near term Coastal Zone Program are:

e Comparison of airborne SAR measurements with in-situ wind/
wave measurements.

e Development of sea state forecast models
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e Development of sea surface temperature profile models
based on surface temperature measurements

~An important technology element of the coastal zone program is the
possible definition of a dedicated coastal zone satellite COASTSAT as a
follow-on to NOSS measurements. Principal related technology and utilization

is in the following areas:
o Sea State technology demonstrations

e Laser/Altimeter coastal bottom topographic measurements

Future OSTA Program

The goals of future O0STA's Coastal Zone Discipline are to:

o Conduct investigations into the status of coastal zone
management and monitoring and identify areas of necessary and
desirable improvements, including the analysis of the legal
and regulatory requirements for coastal zone and treaty
fisheries areas in coordination with responsible agencies.

e Examine advanced space and non-space technology for application
to coastal zone monitoring. Particular emphasis will be placed
upon investigating advance space technology for monitoring.
Advanced technologies in related areas such as ground data
network and surface/air monitoring may also be considered.

o Determine the potential benefits to be derived from implementa-
tion of space systems. Cost estimates will be made for satellite-
based monitoring systems and compared with costs of other
techniques. Intangible benefits such as marine life protection
and lifesaving potential will also be assessed.
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e Develop satellite systems and techniques for coastal zone
monitoring. Advanced satellite monitoring systems will be
developed to provide effective monitoring tools for user
agencies through the use of technology specifically designed
to meet the requirements of these agencies.

In the 1985+ period a broader range of exploratory and in-situ research
is envisioned as existing data is applied to more applications and new
aircraft remote sensors are developed and tested. The 1985 Coastal Zone
program is directly derivable from the present coastal-ocean and coastal-
zone-management program plans and the published terrestrial applications
mission scenério. The key feature of Coastal Zone Discipline program for
the 1985+ time is the use of NOSS and Shuttle pallet missions for space

demonstrations.

In the 1985+ time period, the program assumes that the sensors currently
under demonstration in aircraft will become sufficiently mature to be
considered for inclusion in operational or research space flights. Improved
spatial resolution is the key to many coastal and estuary problems and a wide
range of spectral diversity is needed to detect the variety of biological
and chemical parameters of interest. A second generation NOSS with improved
areal resolution capability or a COASTSAT mission with the finer area
resolution and an orbit optimized for coastal coverage is expected to provide
the observational support required by the Coastal Zone Discipline in the

1985-1990 time frame.
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Figure 5.1 presents a graphic synopsis of 0STA's Coastal Zone

Program.

The first portion of the Figure reflects the space missions,
current and projected, whose data products support the Program. The
subsequent portion and continuation sheet reflects the Program's

endeavors for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

5.2 Relationships between Data Services and the Coastal Zone Discipline

Figure 5.2 summarizes the reaquirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are inter-
mediate information products derived from sensor measurements, ela-
borated via the application of appropriate algorithms. For example,
surface water temperature information derives from remotely sensed
radiance data elaborated in conjunction with surface emissivity, at-

mospheric absorption, sensor calibration data.

At this time, NASA users in the Coastal Zone Discipline are in
the process of developing such algorithms. For this purpose, they
wish to receive raw space data, augmented by the auxiliary data sum-

marized in Table 5.1.

5-7



FIGURE 5.1
COASTAL ZONE DISCIPLINE TIMELINE
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FIGURE 5.1 (Cont'd)
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The volume of required space data shows a significant decrease
through the 1980-1990 decade, from approximately 60 to 20 Gigabits/
year. This is due primarily to the user's perception of two trends:
1) that of current plans for omitting SAR's from future civilian
space systems e.g. NOAA: further, that whichever Agency should take
over the responsibility for a spaceborne SAR will perform the associ-
ated information extraction reduction in house. As such, the postulated
decrease in volume of space data may be more apparent than real,
caused by the as yet imprecise definition of the U.S. Government's
space plans in this particular Discipline; 2) the assumption that much
of the effort in the Coastal Zone discipline will have strong common-

alities with that pertaining to Ocean Processes, since the geographic

............. A ke
area covered by th

ne ig small with resnect to that covered
by the Oceans. The volume required of auxiliary data, from Table 5.2,
js approximately one fifth that of the space data, growing to almost

half by the end of the forthcoming decade.

From Figure 5.1, OSTA's program is split between research and tech-
nology transfer efforts. Table 5.2 shows that the acceptable time lapse

of data delivery for research efforts is of order four weeks.

Figure 5.1 shows for the post-1986 time frame a maturing of
technology transfer activities. These could acquire two forms: 1)
algorithms and models developed by NASA researchers are tested by other
federal agencies upon their facilities, in this case NOAA's; or 2) they

are tested on NASA facilities with participation from sister agency

personnel.




TABLE 5.2

(OBSERVATIONS)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: COASTAL ZONE

R & D ACTIVITY

=
- x e
: |2 P
) 1 < o =
= | z 5 =
— o= w (= —
=5 x — O -
=] o = - o0 > P
> — [-4 [
=4 25 28 25 2=
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= e ys) oo f=ge) P
EEQUIREMENTS c2 czz Cz3 Cz4 (W43
Horizontal Resolution (KM)
Minimum 0.0z c. 0.1 0.01 0.t
Maximum 16 500 10 500 0.1
Modal 0.02-0.1} 0.1 0.1-10 0.1 0.C°
* vertical Resuviution (KN}
Minimum H.A. N.A. N.A. N.A. N.A.
Maximum AL N.A. N.A. N.A. N.~.
Modal N. N.A. N.A. N.A. N.A.
Frequency
Minimum 12 Hrs. 1 Day 12 Hrs. 1 Day
Maximum 2.4 Hrs.} 1 Hr. 22441lgrﬁ. 1 Year
odal 2.4,—#5 1 - 24 Hrs. .4- rs. 1 Day
Data Delivery
Research Investigations 4 Weeks | 4 Weeks 4 Weeks 4 Weeks | 4 nz:<s
Technology Transfer 3-24Hrs | 3-24 Hrs 3-24 Hrs 1 Day 4 az:z<s
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TABLE 5.2 (Cont'd)
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: COASTAL ZONE

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS cz1 €z 2 €3 7 4 (48

Provide Satellite Jata
Mini-Tapes for Specified
Geographic Locations X X X

Provide Auxiliary Data
in a Computer Compatible
Form X X X X

Provide the Capability for
Investigators to Perform
Interactive Data Process-
ing on a Central Data
Service Computer via
Remote Terminal X X X

Provide Digital Tapes
of each Spectral Image

Provide Multi-Spectral
Comparisons of Satellite
Imagery

Provide Photographic
Products as Available

(STANDARD ALGORITHMS) -

R & D ACTIVITY

REQUIREMENTS iz1 cz2 3 Cz 4 €z5s

Sea Surface Wind Shear X
Sea State Index
Geostrophic Flows X
Ekman Flows and Depth X

Location of Areas of
Upwelling X

Ocean Temperature Profile
Estimators X

Fish Yield Models X
Chlorophyll X
Phytoplankton/Zooplankton
Bottor: Tcpoaraphy A




T T -

T e, T T

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the
second event, the timeliness requirements for data transfer would be

of order of hours to one day.

Thus, for research efforts, throughout the 1980-1990 decade, -.
ADS data transfer requirements can be satisfied by a service of data

rate comparable to that of the U.S.. mail.

In the Tatter part of the decade, beginning approximately 1986, the
need for links becomes more stringent in spite of the reduced data load
assumed by the users; and then only in the hypothesis that a substantial

amount of technology transfer be performed employing NASA facilities. Note

in this regard, Table 5.3, that the users specify real-time data de-
liveries for technology transfer. The uncertainty is whether such
transfer will occur on NASA facilities or on the facilities of the

primary Federal users interested in oceanic data.

The slow data delivery requirements of the early t{me frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the Tink is driven by economic
cost-effectiveness rather than by technical urgency. For example, a
plausible ADS scenario may well incorporate a centralized accounting,
scheduling and data traffic monitoring facility; which maintains
track of expenditures on the part of the users, supplies them budge-
tary estimates, advises them of impending depletion of project funds.

Further analysis might reveal that such centralized management function
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TABLE 5.3

DATA SERVICE REQUIREMENTS FOR THE COASTAL ZONE DISCIPLINE

WIND/WAVE
INTERACTION

COASTAL &
ESTUARY
CIRCULATION

COASTAL
THERMAL
BALANCE

COASTAL
BIOLOGY &
CHEMISTRY

COASTAL
BOTTOM
TOPOGRAPHY

DATA

Data Catalog
Date Dictionary

Computer Search

DATA

Quality Control

Data Sorting

ATTING [EpITING [LOCATION

EFOR

Form Conversion
Code Conversion

Coordinate
Conversion

Scale Conversion

R
ASSEMBLY | .,

Dasta Segment
Preparation

Data Set
Preparation

DATA INTEGRATION.

Single-Source
Multi-temporal
Data Registration

Single-Source
Multi-temporal
Data Merging

Multi-Source
Uni-temporal
Data Regis-
tration

Multi-Source Uni

temporal Data
Merging

Data Gridding
Dsata Overlay

Image Mosaicing

SPECIAL
PROCES
SING

Radiometric
Correction

Geometric
Correction

Other

DATA
MGM'T

Data Archiving

‘
Data Delivery

OTHER

2.

.2-

2-

2.

2.

Note

w High Value Data Service

Iz Real Time for Tech. Transfer
2: Comprehensive Data Documentation
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can be performed more cost-effectively through use of electronic data
Tinks than through other conventional alternatives; quite apart from

considerations of speed.

As a gross sizing of the "electronic link" alternative during the
"slow" R&D time frame, the corresponding transfer requirements are
such as to engage the equivalent of approximately 12 data links of
1,200 bps capacity each, operating on a one shift, normal work week

basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 5.3 and 5.2 permits the inference that user
services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will impose significant technological
requirements upon ADS. This is because relatively high spatial re-

solutions are required to satisfy the users.

Users need to have available approximately 10 significant types
of algorithms, Table 5.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar de-
velopment of these algorithms to their routine use--after the neces-
sary confidence resulting from high "batting averages" will have been

achieved.
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Such an evolutionary development would open the ADS to the op-

portunity of providing a centralized algorithm processing function.

Algorithms which reach fruition would be transferred to this function

for conventional processing: the researcher would retain the function

of developing the newer generations of algorithms.

5.3

Implications of ADS on the Coastal Zone Discipline

Analysis of the Coastal Zone Discipline user requirements yields

the following key data-related points:

o Approximately 50% of the Coastal Zone Discipline's users is

involved in technology demonstration projects such as sea-
state assessment applied to offshore drilling, ship routing.
These users ultimately desire data turnaround in 1-3 hours:
some would be satisfied with 24-72 hours. Current perfor-
mance is order 1-2 months.

Nearn neal time delivery time is the key to successful pen-
gormance by end-users, hence by technology trhansfer investi-
gations: At 44 nequired by approximately 1986. Pre-1986
needs are conventionally met by unique data systems orn are
circumvented by simulations,

The remainder 50% of the users are engaged in research ac-
tivities. They consider the current 1-2 month data delivery
time sufficient.

Research users are impacted by cost considerations brought
about by the deficiencies of the current data system, princi-
pal among which are:
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a) conventional sources of key auxiliary data do not provide
updated or sufficiently documented data catalogs and
directories;

b) data quality is often questionable;

c) adequate geocoding information is not provided in the
catalogs for the key auxiliary data.

For these reasons, users are forced to acquire "total cruise"
data access cost with concommitant time delays.

Users generally desire a data directory augmented by a running
rapidly available log of the pertinence and quality characteris-
tics of .individual data. Therefore, an impontant ADS function
Adentified is the maintenance 0§ a comprehensive, continuously
updated catalog identifying not only Location and general con-
tend of the data, but additionally providing indications as to
the quality of each datum.

The effort requined to prepare a comprehensive catalog o4 the
historical data nepresents a signiglcant undertaking: yet it
would sdignigicantly benefit Coastal Zone, Ocean Processes,
Cryospherne, Global Weathen and CLimate Usens.

Data costs are not a significant consideration to technology
transfer users who generally do not deal with historic data
and usually work in geographically restricted areas.

Data merging and reformatting represents a major requirement
for Coastal Zone users engaged in both research and technology
transfer. This is particularly true since most auxiliary data
is not in digitial format and is not generally amenable to op-
tical overlay processes. Thus, many users forego using large
amounts of auxiliary data; they opt for the smaller quantity
of data already available in digital form, thus limiting the
completeness and quality of the results.
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In summary, the principal impact of an ADS upon the users of the
Coastal Zone Discipline would be economic, i.e. a significant reduction

of the time and expense required for obtaining data in usable formats.

These economies would contribute to promoting the exploitation of
auxiliary data not currently accessed, with consequent enhancement of

the quality and completeness of the research results.

Three ADS functions would most significantly promote increased
efficiency:

e A comprehensive data directory and catalog to include concurrent
running data log.

e Cost effective data merging and reformatting services

® Acceleration of data delivery times to support technology demon-
strations.
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6.1 Description of Objectives and Content

NOAA and the U.S. Coast Guard are the principal Federal agencies
with responsibility for collection and distribution of sea ice in-
formation. USCG prepares and broadcasts iceberg location bulletins
for the North Atlantic shipping lanes during the international ice
patrol. NOAA is responsible for collecting and evaluating cryo-
sphere data for assessment of its impact on the atmospheric and

oceanic environments.

Information about the cryosphere is required for weather and
climate applications, vessel navigation, fishing operations and en-
vironmental monitoring. The discovery of 0il in Alaska and the re-
cognition of major fisheries in the Arctic and Antarctic have brought

B U T SOT IR R R E L - =1
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ai’ 1cgions. Hc nnpa}‘taﬁce 01T Vo 3Cn3Tng
information to the support of Great Lakes winter navigation has also
been demonstrated. These requirements have created the increased

need for continuous ice information over large areas.

The objective of OSTA's Cryosphere Discipline program is to develop

and improve the capability to remotely observe semipermanent and transi-

tory ice and snow masses from space, so that the user community will
be able to optimally exploit such observations for the satisfaction
of their needs. Both the dynamics of this ice and snow cover and

the impact of the dynamics on polar ecology is of interest.
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Current OSTA Program

0STA's efforts comprising the Cryosphere Discipline fall into

four categories of R& activities.

CY 1

cYy 2

CY 3

Sea Ice Dynamics

Techniques are under development to provide interpretive
algorithms for assessing the lateral and horizonal motions
of sea ice.

Significance is to provide information for ship routing-in
polar regions, for polar research expeditions and oil-site
scheduling and resupply. Ice motions are also needed to
guide crab fleet deployment and to estimate ship and rig
design criteria.

Iceberg Dynamics

Techniaues for the measurement of iceberg dynamics leading
to interpretive algorithms for assessing the formation and
propagation of icebergs are under development.

Icebergs are seasonal hazards to navigation. The U.S. pro-
vides iceberg forecasting services from the Coast Guard
operated International Ice Patrol in the North Atlantic and
from the NAVY/NOAA Joint Ice Survey Office in Alaska and the
Antarctic.

Ice Impact on Weather and Climate

Remote sensing techniques are being developed to assess the
changes in major ice sheets, sea ice, and glaciers caused
by cryosphere interactions with the atmosphere and sea.

Glacial, sea ice and sheet ice patterns can be indicative
of major long term climate changes. How the ice cover ex-
changes heat and mass with the fluid environments can sig-
nificantly affect global weather and has a direct influence
on U.S. weather.
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CY 4 Polar Ecology

Techniques for assessing negative (pollutant spills) and
positive (ocean turbidity patterns, chlorophyll, and sa-
Tinity) patterns are under development and improvement.

The polar regions are a mixture of untapped food sources
Tike krill, crabs, and of endangered species like polar
bears, whales, walruses, seals, caribou, Canadian

geese. A1l of these species need an active resource manage-
ment program to keep them viable. Petroleum pollutants are
a rising problem with the increase in drilling in the Arctic
regions.

Near Future OSTA Program

The emphasis of the Cryosphere Program is on the assessment of
active and passive all weather remote sensors to measure surface and
near subsurface ice phenomena. Correlations are then to be developed
to allow the development of large scale dynamic/thermodynamic ice
models. A strong user oriented program has been undertaken under the
Cryosphere program with yearly joint field tests .involving NASA, uni-
versity researchers, industry and other government agencies with opera-
tional and research interest in the polar regions. International co-
operation is particularly important in the polar regions: parallel
artic studies are in process in Canada and with ESA, with industrial
participation (e.g., Canadian 0il Company ASVT's). SEASAT-A and NIMBUS-7
have provided a base of satellite data to compare with earlier or paral-

Tel exploratory studies utilizing aircraft and in-situ sensors.
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The research elements of the near term Cryosphere program are:

® Snow/ice-weather/climate interaction modeling

¢ Parameter extraction from polar ocean color observations

e Ice sheet mass balance modeling

e Snow/ice property extraction from microwave data

The principal related technology development and utilization is
in the following areas:

e Refinement of iceberg tracking techniques

o Demonstrate cost effective systems for providing sea ice
location information

o Assessment of active and passive microwave sensors to measure
surface and subsurface ice properties.

Near term program activities will focus on formulation of a joint
U.S./Canadian strategy for ice monitoring and upon proposed system
studies to establish the need for a separate Cryosphere Monitoring
System (ICEX) or if the needed data can be obtained from a multipurpose

system such as the proposed NOSS.

Future OSTA Program

The specific objectives of the future Cryosphere Program are:

e Determine the interactions and develop correlations between
active and passive all-weather sensors and surface and sub-
surface ice phenomena
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® Describe ice processes using large scale dynamic/thermodynamic
ice models that incorporate remotely measured parameters.

e Provide a Cryosphere information system through the develop-
ment of improved observation and information delivery systems.

Figure 6.1 presents a graphic synopsis of OSTA's Cryosphere Discipline

Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the Program. The subsequent
portion and continuation sheet reflects the Program's endeavors for each

identified R&D Activity.

Each element is referenced to its pertinent source documents; their

titles are listed at the Figure's end.

6.2 Relationships between Data Services and the Cryosphere Discip]ine

Figure 6.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are intermediate
information products derived from sensor measurements, elaborated via
the application of appropriate algorithms. For example, ocean current
information deriyes from remotely sensed altimetry data elaborated
statistically in conjunction with orbital parameters, atmospheric index

of refraction, sensor calibration data.

6-5




FIGURE 6.1
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FIGURE 6.1 (cont'd)
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At this time, NASA users in the Cryosphere Discipline are in
the process of developing such algorithms. For this purpose, they
wish to receive raw space data, augmented by the auxiliary data sum-

marized in Table 6.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approxiamtely 12 to 16 Gigabits/year. The
volume required of auxiliary data, from Table 6.1 approximately equals

that of the space data.

From Figure 6.1 OSTA's program is split between research and tech-
nology transfer. Table 6.2 shows that the acceptable time lapse of

.data delivery for research efforts is of order four weeks.

Figure 6.1 shows for the post-1985 time frame a maturing of tech-
nology transfer activities. These could acquire two forms: 1) algorithms
and models developed by NASA researchers are tested by other federal
agencies upon their facilities, in this case NOAA's; or 2) they are
tested on NASA facilities with participation from sister agency

‘personnel.

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the
second event, the timeliness requirements for data transfer would
be: of the same for two R&D activﬁties related to Climate and Polar

Ecology: hours to one day for Iceberg Dynamics, hours to one week for

Sea Ice Dynamics.
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TABLE 6.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: CRYOSPHERE
(OBSERVATIONS)

R & D ACTIVITY
& e
4} = =
> o - Ll
(=] (=] O o8
(&) o <C
w o (¥ [ W-4
(] Ll = W
= & % =
<< [F5} ) [TR -4
“ 2 g 2%
REQUIREMENTS cYl CY2 CcY3 Cyd
Horizontal Resolution (K1)
Minimum 0.1 0.005 0.01 0.05
Maximum 100 0.1 1 0.5
Modal 0.1-20 0.005-0.1 1 0.05-0.5
Vertical Resolution
Minimum N.A. N.A. N.A. N.A.
Maximum N.A. N.A. N.A. N.A.
Modal N.A. N.A. N.A. N.A.
Frequency
Minimum 1 Year 1 Day 1 Day 4 Weeks
Maximum 2.4 Hrs. 3 Hrs. | 1 Day 4 Weeks
Modal 6 Hrs. 3-24 Hrs. 1 Day 4 Weeks
Data Delivery .
Research Investigations 4 Weeks 4 Weeks 4 Weeks| 4 Weeks
Technology Transfer 3 Hrs-70ays | 3-24 Hrs. J1-3 Days | N,A,
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TABLE 6.2 (cont'd)
SUMMARY OF DATA PRODUCTS CHARACTERIéTICS DESIRED BY THE USERS: CRYOSPHERE

(SPECIAL SERVICES)

R & D ACTIVITY
CY 1 cy 2 cy 3 Cy 4

REQUIREMENTS

Satellite Images Registered
to Service Charts X X

Quick Reaction Response
during Critical Ice Move-
ment Period X

Formation of Regional Data
%2ls for Developremt of
Sea Ice Movement Models X

Maintenance of Regional
Sea Ice Data Sets to

Support Forecast Model
Improvements X

Format Cryosphere Related
Otservation in Gridded,
Registered, Spatially
and Temporally Averaged
Formats

Calibrate and Extract
Cryosphere-Related
Parameters from Raw
Satellite Data and
Archive and Distribute
these Observations

(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS _ Yy 1 Cy 2 cY 3 Cy 4

Sea Ice Movement X
Ice Age
Ice Deformation

M X >

. Salinity
! Iceberg Tracking X
' Snow Surface Temperature X

Snow Ice Fraction X




TR —

Thus, for research efforts, throughout the 1980-1990 decade, -
ADS data transfer requirements can be satisfied by a service of data

.rate comparable to that of the U,S. mail.

In the latter part of the decade, beginning approximately 1985, the
need for links becomes more stringent; and then only in the hypothesis that
a substantial amount of technology transfer be performed employing

NASA facilities.

The slow data delivery requirements of the early time frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the 1ink is driven by economic
cost-effectiveness rather than by technical urgency. For example, a
plausible ADS scenario may well incorporate a centralized accounting,
scheduling and data traffic monitoring facility; which maintains
track of expenditures on the part of the users, supplies them budgetary
estimates, advises them of impending depletion of project funds.
Further analysis might reveal that such centralized management function
can be performed more cost-effectively through use of electronic data
1inks than through other conventional alternatives; quite apart from

considerations of speed.

As a gross sizing of the "electronic 1ink" alternative during the
"slow" R&D time frame, the corresponding transfer requirements are
such as to engagé the equivalent of approximately 2 data links of

1,200 bps capacity each, operating on a one shift, normal work week

basis.
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Because the driver is economics, not tecﬁno]ogy, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 6.2 and 6.3 permits the further inference that
user services related to imagery manipulation--e.g. geocoding, super-
position of formats, gridding--will impose significant technological
requirements upon ADS. This is because relatively low spatial resolutions

are required to satisfy the users.

Users need to have available approximately 7 significant types of
algorithms, Table 6.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar deve-
lopment of these algorithms to their routine use-after the necessary
confidence resulting from high "Batting averages”" will have been

achieved.

Such an evo]Utionary development would open the ADS to the
opportunity of providing a centralized algorithm processing function.
Algorithms which reach fruition would be transferred to this function
for conventional processing: the Researcher would retain the function

of developing the newer generations of algorithms.
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TABLE 6.3

"DATA SERVICE REQUIREMENTS FOR THE
CRYOSPHERE DISCIPLINE

<m

2>

ICE
AMICS

WEATHER &
ICE BERG POLAR CLIMATE
DYNAMICS- ECOLOGY IMPACT

DATA

Data Catalog
Data Dictionary

Computer Search

DATA

Quality Control

Data Sorting

MATTING EDITING [LOCATION

REFOR

Form Conversion
Code Conversion

Coordinate
onversion

Scale Conversion

ASSEMBLY

Data Segment
Preparation

Data Set
Preparation

DATA INTEGRATION

Singte-Source
Multi-temporal
Data Registration

Single-Source
Multi-temporal
Data Merging

Multi-Source
Uni-temporal
Dats Regis-
tration

Multi-Source Uni
temporal Data
Merging

Data Gridding
Data Overlay

Image Mosaicing

SPECIAL
PROCES
SING

Radiometric
Correction

Geometric
Correction

Other

OATA
MmGem'T

Data Archiving

Data Delivery

OTHER

Note |: Real Time for Tech. Transfer

Note 2:
Note 3:

m High Value Data Service

Comprehensive Data Documentation )
Prepare Data Ummaries of Monthly Snow/Ice Cover

e Desirable Data Service
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6.3 Implications of ADS on the Cryosphere Discipline

Analysis of the Cryosphere Discipline user requirements yields the

following key data related points:

Approximately 45% of the Cryosphere Discipline's users are
involved in technology demonstration projects, e.g. sea ice
assessment applied to ship routing. They ultimately desire data
turnaround of 6 - 12 hours; some would be satisfied with 24 - 72
hours. Current capabilities are of the order 1-2 months. The
real time data Tink demonstration with Seasat provided data
delivery within 24 hours.

The near real time data delivery time is the key to successful
performance by end userns: hence by technology trhansfer investi-
gatons: it is nequined by approximately 1985. Pre-1985 needs are
conventionally met by unique data systems o are circumvented

by simulations.

The remainder 55% of the users are engaged in research activities.
They consider the current 1-2 month data delivery time sufficient.

Research users are impacted by cost considerations brought about
by the deficiences of the current data system, principal among
which are:

a) conventional sources of key auxiliary data do not pro-
vide updated or sufficiently documented data catalogs and
directories;

b) data quality is often questionable;
c) adequate geocoding information is not provided in the

catalogs for the key auxiliary data.

For these reasons, users are forced to acquire "total cruise"
data at excess cost and with concommitant time delays.
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Users generally desire a data directory augmented by a running,

"~ rapidly avai]ab]e'log of the pertinence and quality characteristics
of individual data. Therefore, an impontant ADS function identi-
gied 48 the maintenance oﬁ'd.éompnahenbive, continually updated
catalog identifying not only Rocation and general content of
the data, but additionally providing indications as to ithe
quality of each datum.

Users generally desire a data directory augmented by a running,
rapidly available log of the pertinence and quality characteris-
tics of individual data. The cryosphere data catalog and direc-
tory service would also be very valuable to the other ocean and
weather related ADS discipline users.

e Data costs are not a major consideration to technology trans-
fer users who generally do not deal with historic data and
usually work in geographically restricted areas.

o Data merging and reformatting represents a major requirement
for Cryosphere users engaged in both research and technology
transfer. This is particularly true since most auxiliary data
is not in digital format and is not generally amenable to op-
tical overlay processes. Thus, many users forego using large
amounts of auxiliary data; they opt for the smaller quantity of
data already available in digital form, thus 1limiting the
completeness and quality of the results.

In summary, the principal impact of an ADS upon the users of the
Cryosphere Discipline would be economic, i.e. significant reduction of

time and expense required for obtaining data in usable formats.

These economies would contribute to promoting the exploitation of
auxiliary data not currently accessed, with consequent enhancement of

the quality and completeness of the research results.
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Three ADS functions would most significantly promote increased

efficiency:

e A comprehensive data directory and catalog of space and
auxiliary data with provisions for concurrent running data
log

¢ Cost effective data merging and reformatting services

o Acceleration of data delivery times to support technology
demonstrations
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7.1 Description of Objectives and Content

NOAA is the US Federal Agency charged with civilian operational
weather activities. NOAA discharges this responsibility through the
NWS, National Weather Service. The stated objective of NOAA/NWS'S'
weather activities is "to contribute to the safety, health, welfare,
comfort, and conveniehce of the public, and to meet the needs of all

segments of the national economy for general weather information."

Global Weather is the basic NOAA/NWS activity, whose products
are the starting point for most interpretive and forecast services.
Its core is the global weather model, which consists of a system of
mathematical equations, depicting the dynamics of the atmosphere.
These are periodically initialized via data collected from approxi-
mately 50,000 daily observations. The model's output are predictions
of the "state of the atmosphere," i.e. temperatures and pressures at
several standard altitudes and for several standard forecast timings.
NOAA/NWS specialists augment these basic predictions with machine
aided elaborations to incorporate other weather effects, e.g. preci-
pitation, and to adapt them to specific regional conditions. These
data subsequently form the basis for the public weather forecast and
for predictions by various specialized weather services; e.g. domestic
and international aviation services, environmental quality service,

agricultural weather service, marine weather services.

The operational global weather models utilized by NOAA/NWS are
periodically improved when R&D efforts by specialized research or-

ganizations reach a sufficient state of development: e.g. the
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Princeton Fluid Dynamics Laboratory, NCAR, NWS jtself, DOD, NASA.
Principal trends of model improvement are: 1) the achievement of
evermore sophisticated understanding of atmospheric phenomena, to
enable the incorporation of the corresponding equations into the
models; and 2) the achievement of evermore cost effective means to
increase the number of measurements throughout the globe, particularly
over the oceans where conventional measurements are perforce relatively

sparse.

0STA's Global Weather discipline program provides research and
technology support to atmospheric scientists and meteorological user

agencies, particularly NOAA and DOD.

General Weather Forecast is the principal application supported by
the Global Weather Program. Its objectives are to:

® provide improved observation technology for operational
meteorological satellite systems

® improve techniques for extracting meteorological parameters
from remotely sensed data

e 1improve the usefulness of space-derived measurements in de-
scribing atmospheric processes and to improve weather fore-
casts

Historically, OSTA technologies have aimed at: using spaceborne
optical, IR, passive microwave sensors to observe meteorological phe-
nomena and measure their key parameters; transmitting timely data to
users, local and gliobal; assimilating asynoptic data into existing

and developmental numerical models to test measurement strategies and
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verify the contribution of satellite data. The data sets developed by

OSTA scientists include cloud cover, temperature soundings, wind fields

from cloud motions.

Current OSTA Program

0STA's efforts comprising the Global Weather discipline fall into

four categories of R&D Activities.

GW 1

GW 2

Assessment of the Atmosphere's Thermal Balance

Development of data analysis techniques to measure the ra-
diative properties and thermal structure of the atmosphere.
Emphasis is on assessing and eliminating spurious contribu-
tions from perturbing atmospheric constituents and clouds.

Its significance is that remote sensing techniques supplement
conventional point measurements in providing synoptic thermal
balance data sets for input to global numerical prediction
models. Synoptic data are particularly important over the
oceans where conventional meteorologic measurements are
limited.

Assessment of the Atmosphere's Convective Balance

R&D of analysis techniques for the remote measurement of wind.
Current emphasis is on techniques utilizing the motions of
clouds and patterns of water vapor: and upon their evaluation
in terms of technical feasibility and value to global weather
forecasting.

Its significance is that large-scale wind patterns are a key
input to advanced weather prediction models. They provide an
important contribution to understanding the dynamics of
planetary-scale circulation.
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GW 3 Assessment of Atmospheric Water Balance

Development of inferential techniques drawn from nephelometry
to assess the global atmospheric water balance from regional
assessment of precipitable atmospheric water.

Its significance is that synoptic measurements of atmospheric
water balance offer greatly improved spatial and temporal re-
solution over conventional methods, particularly important to
assess precipitable water and rainfall over the oceans.

GW 4 Integrated Modeling of Global Weather

Analysis of synoptic data of cloud-and snow cover, surface

and atmospheric temperature; moisture profiles and winds,

for applicability in new global weather models sensitive to
the atmosphere's thermal structure, moisture balance and cir-
culation. The data extraction algorithms developed are evalu-
ated for value to existing global weather models.

Tts sianificance is that current numerical forecast models do
not exploit fully the unique information content of satellite
data. Development of models specifically designed to accept
these data is expected to provide significant improvements to
weather forecasting capabilities.

Near Future OSTA Program

The program's philosophy is to:

e support the GARP global weather experiment; and to

e perform scientific research and technology development (SR&T)
leading to improved meteorological observation systems, to
jmproved techniques for extracting meteorological parameters
from remotely sensed data, and to more accurate forecasts through
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the use of satellite data. Major research focus is on measure-
ments of temperature and moisture profiles, atmospheric pres-
sure, winds; technology focus is upon employing various ap-
proaches, e.g. IR, microwave, lidar and radar.

The research elements of OSTA's near term Global Weather program

are:

e Continued development of techniques for profiling atmospheric
temperature and pressure

o Operation of a high resolution IR Spectroscopy Lab to measure
atmospheric Tine parameters

e Continued study of high resolution microwave imagery for the
observation of precipitation

e Continued development of passive microwave, water vapor pro-
files using aircraft platforms

e General circulation studies and energy diagnosis using the
GARP DST/GWE data sets

An important technological element of the Global Weather program's
activities over the next five years centers on System 85, slated as a
new initiative in FY80. Its Tong-range objective is to develop and

demonstrate the next generation of operational meteorologic satellites.

Principal related technology development and utilization is in the
following areas:
e Temperature Sounding. Albeit only passive techniques can be
considered for the immediate future, highly promising ad-

vanced concepts are currently incorporated in the Advanced
Meteorological Temperature Sounder (AMTS).

7~5



e Pressure. The VAS, a new remote sensor for measuring surface
pressure has progressed to the point of technological feasi-
bility: it is a candidate for System 85.

e Lidar. Although Tidar technology is not considered for cur-
rent flight programs, its progress offers significant promise
in the near future (FY81-82). The development of an active
lidar temperature sounder is anticipated by FY83.

e Microwave Techniques. It is anticipated that a multi-purpose
microwave system such as the High Resolution Microwave Imager
(HRMI) will be flown on the Shuttle during FY83 to 84.

o Moisture Sounding. Microwave techniques in the millimeter
range have shown promise for moisture sounding and possibly
observation of rainfall over land surfaces. Development is
planned of a moisture sounding capability that could be demon-
strated in conjunction with the multi-purpose microwave Shuttle
system.

Future OSTA Program

The goal is to design, develop and demonstrate improved capa-
bilities to acquire and process global satellite observations of me-

teorological parameters to:

e Continue the R&D on remotely sensed data and techniques leading
to improved understanding of the processes which influence the
large-scale behavior of the atmosphere;

e and to improve the accuracy of mid-range (greater than 3 day)
weather forecasts;

e and to explore techniques to improve long range weather fore-
casting (30 days and beyond)
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Identified OSTA plans for the early 1985-1990 time period include

evaluation of AMTS data for use in atmospheric thermal balance assess-

ment, and of Tidar techniques for temperature profiling, expected avail-

" able by 85-86. The decade's later portion will be dominated by the ex-

ploitation of the new data expected from System 85.

Figure 7.1 presents a graphic synopsis of OSTA's Global Weather

Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the Program. The subsequent

portion and continuation sheet reflects the Program's endeavors for

" each identified R&D Activity.

Each element is referenced to its pertinent source documents;

4+ dha Clmiiumala And
L LHT 1 IYUuiT O Tilu,

7.2 Relationships between Data Services and the Global Weather Discipline

Figure 7.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are interme-
diate information products derived from sensor measurements, elaborated

via the application of appropriate algorithms. For example, surface

" temperature information derives from remotely sensed radiance data

elaborated in conjunction with surface emissivity, atmospheric absorp-

tions, sensor calibration data.
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FIGURE 7.2
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At this time, NASA users in the Global Weather Discipline are in
the process of developing such algorithms. For this purpose, they
wish to receive raw space data, augmented by the auxiliary data sum-

marized in Table 7.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approximately 70 to 110 Gigabits/year. The
volume required of auxiliary data, from Table 7.1, is approximately one

quarter that of the space data.

From Figure 7.1, OSTA's program is devoted to research efforts
through approximately 1986. Table 7.2 shows that the corresponding

acceptable time lapse of data delivery is of order two to four weeks.

Figure 7.1 shows for the post-1986 time frame-a gradual transi-
ticn from B&D 4o tochnoloay trancfer activitiec. Thece lattar could
acquire two forms: 1) algorithms and models developed by NASA re-
searchers are tested by other federal agencies upon their facilities,
in this case NOAA's; or 2) they are tested on NASA facilities with

participation from sister agency personnel.

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. 1In the
second event, the timeliness requirements for data transfer would be

of order six hours.

Thus, during the time frame in which the research mode predominates,
approximately through 1986, ADS data transfer requirements can be satis-

fied by a service of data rate comparable to that of the U.S. mail.
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TABLE 7.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: GLOBAL WEATHER
(OBSERVATIONS)

R&D ACTIVITY
b
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REQUIREMENTS GW 1 GW 2 GW 3 GW 4
Horizontal Resolution (KM}
Minimum 25 100 25 50
Maximum 500 500 500 500
Modal 100-500 100-500 | 500 500
Vertical Resolution (KM)
Minimum 1 0.5 1 0.5
Maximum 5 20 50 10
Modal 1 0.5-20 2-4 5
Freguency
Minimum 1 Day 6 Hrs, 6 Hrs. 6 Hrs.
Maximum 6 Hrs. 6 Hrs. 6 Hrs. 6 Hrs.
Modal 6 Hrs. 6.Hrs. 6 Hrs, 6 Hrs.
Data Delivery
Research Investigations 2-4 Weeks | 2-4 Weeks|2-4 Weeks |2-4 Weeks
Technology Transfer Realtime |Realtime {Realtime Realtime




— ————————

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS:

TABLE 7.2 (Cont'd)

(SPECIAL SERVICES)

GLOBAL WEATHER

R & D ACTIVITY

REQUIREMENTS

GW 1

GW 2

GW 3

GW 4

Provide the capability
for Investigators to
perform interactive data
processing on centralized
data service computer via
remote terminal

Format Auxiliary Data Into.A
Computer Compatible Form

Provide Satellite data mini
tapes to investigators
for requested geographic
locations and times

Digitize and format radar
data to conform to
satellite coordinates

Format Satellite & Radar
Data for Use on AOQIPS

Locate and Provide Satellite
and Auxiliary data cor-
responding to requested
geographic locations

Comprehensive Quality
Control of meteorologic
data sets formed from
multiple sources need
to be established &
maintained for use in

evaluating models




SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: GLOBAL WEATHER

TABLE 7.2 (Cont'd)

(STANDARD ALGORITHMS)

R & D ACTIVITY

~ REQUIREMENTS

GW 1

GW 2 GW 3

GW 4

Temperature Profiles
Humidity Profiles

Cloud Extent (Cover)
Cloud Levels & Thickness
Surface Wind Speeds
Aerosol Turbidity
Surface Temperature
Wind Profiles

Cloud Top Particle Size

Cloud Top Particle Thermo-
dynamic Phase

Rain Rate
Snow & Ice Cover

Improved Boundary Layer
Models
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It is only in the latter part of the decade that the need for
links becomes more stringent; and then only in the hypothesis that
a substantial amount of technology transfer be performed employing

NASA facilities.

The slow data delivery requirements of the early time frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the link is driven by economic
cost-effectiveness rather than by technical urgency. For example, a
plausible ADS scenario may well incorporate a centralized accounting,
scheduling and data traffic monitoring facility; which maintains
track of expenditures on the part of the users, supplies them budge-
tary estimates, advises them of impending depletion of project funds.
Further analysis might reveal that such centralized management function
can be nerformed more cost-effectivelvy throuagh use of electronic data
1inks than through other conventional alternatives; quite apart from

considerations of speed.

As a gross sizing of the "electronic 1ink" alternative during the
"sTow" R&D time frame, the corresponding transfer requirements are
such as to engage the equivalent of approximately 8 data links of
1,200 bps capacity each, operating on a one shift, normal work week

basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).
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Analysis of Table 7.3 permits the further inference that user
services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will not impose significant technological
requirements upon ADS. This is because relatively large spatial reso-

lutions are adequate to satisfy the users.

Users need to have available approximately 12 significant algorithms,
Table 7.2. A potential evolutionary trend in the latter part of the
1980-1990 decade is the transition from user-peculiar development of
these algorithms to their routine use--after the necessary confidence

resulting from high "batting averages" will have been achieved.

Such an evolutionary development would open the ADS to the oppor-
tunity of providing a centralized a]gdrithm processing function. Al-
gorithms which reach fruition would be transferred to this function for
conventional processing: the Researcher would retain the function of

developing the newer generations of algorithms.

In summary, the Global Weather Discipline imposes upon ADS:

e Lenient requirements as to link speeds, as long as NASA user
efforts remain in the R&D mode.

e Significant requirements if NASA users transition to the
technology transfer mode performed on NASA facilities.
This is not 1ikely to occur until 1986 at the earliest.

e Moderate requirements of technological sophistication of
user services, in all modes - R&D and Technology Transfer.

e Option of incorporating the function of algorithm pro-
cessing.



_ TABLE 7.3
DATA SERVICE REQUIREMENTS FOR THE
GLOBAL WEATHER DISCIPLINE

ATMOSPHERIC
THERMAL
BALANCE
ASSESSMENT

ATMOSPHERIC
CONVECTIVE
BALANCE
ASSESSMENT

ATMOSPHERIC
WATER :
BALANCE
ASSESSMENT

INTEGRATED
GLOBAL
WEATHER
MODELING

DATA

Data Catalog
Data Dictionary

Computer Search

DATA

Quality Control

Data Sorting

MATTING |gpiTiING LOCATION
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7.3 Implications of ADS on the Global Weather Discipline

The consensus of the users in the Global Weather Discipline
focuses upon the following key data-related points:

® Users obtain most of their space and auxiliary data from
NOAA/NESS and the NCC Satellite Data Services Branch.
Typically, these deliver two months after order. Delivery
from other data bases require from one to three months.

Thus, current time lapses from ordering to acquisition of
data range from one to three months.

The bulk of current users engages in research efforts:
they are, in theory, not affected by data delivery times.
In practice, the long wait slows down the pace of their
efforts, thus the efficiency of the RED effonrt.

The timing with which the users feel "comfortable" is two
ppqugr"wegks,‘Tab]g_?tz, instead of the one to three months
currently experienced.

o A relatively small group of users is engaged in pre-opera-
tional demonstrations, e.g., the Global Weather Experiment.

These researchers indicate that delivery times of order
two weeks are needed to permit flagging data deficiencies,
e.g., poor product quality or misplaced observation site,
in order to perform timely amendments within a time useful
to affect their project.

Another cogent observation by these users, although perhaps
transcending ADS's current design bounds, is that real-time
operational control of data during special observation periods
would be highly desirable.
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o The majority of researchers indicate that even though the

cost of individual data products is nominal, the deficiencies
of the current data delivery system seriously impact their
budgets. Their choices 1ie between ordering an excess of data
products from which to glean the good samples, or devote ex-
cessive time to preselection of the products to be ordered so
as to minimize the probability of receiving flawed data. Their
primary mode of operation is the latter: in either event,
current modes of data delivery seriously impact their budgets.

To remedy this problem, the most important ADS function Liden-
tified by GLobal Weather usens s the maintenance of a compre-
hensive, continuously updated catalog identifying not only
Location and general content of the data, but additionally
providing indications as to the quality of each datum.

In other words, the users want a data directory augmented by
a running, rapidly available Tog of the pertinence and quality
characteristics of .individual data.

The users cannot exploit all the pertinent sources of auxiliary
data of which they have knowledge, due to two principal reasons:
the financial constraints aforesaid, and the time required to
reformat the auxiliary data to match the format of the space-
derived data.

An example offered by users relates to ground radar data, used
to calibrate satellite rain measurements. A Timited amount of
radar data is currently available in digital format: virtually
all must be subjected to appropriate geocoding transformations
against satellite data. Thus, most of the available analog
radar data is not currently being used.

Global Weather users experience significant handicaps as regards

the combination of data. For example, researchers involved in
global precipitation mapping indicate that one-third of their
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time is spent on reformatting and geocoding, mostly still ac-
complished manually. The provision of low-cost geocoding and
reformatting services---whether centralized or individual--
would be highly desirable, provided that their quality and re-
Tiability match that of currently employed non-automatic
methods.

In summary, the principal impact of an ADS upon the users of the
Global Weather Discipline would be economic, i.e. a significant re-
duction of researcher time, possibly as much as a factor of two. Im-
provement of the quality of research would probably also result from
relieving researchers from much of the "drudgery" currently involved

in their labors.

Three key functions would promote increased efficiency. In ap-
Proximate priority:

® Provision of a data directory and concurrent running data
log

® Provision of efficient methods of combining data

® Acceleration of data delivery times by a factor of two to
four. Note however that most of the delay currently ex-
perienced is caused by the internal reaction time of the
data bases: thus the simple provision of faster data
transfer links would in this case not suffice. More sophis-
ticated strategies would need to be employed.
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8.1 Description of Objectives and Content

The responsibility for ocean-oriented activities is primarily dis-
tributed among three Federal Agencies. Each is charged with varying
charters in pursuit of its own specialized field of operational or

research endeavors.

Principal Agency interests are:

o NOAA -- QOcean Research in general; operational respon-
sibility for gathering environmental oceanic-related data

in support of U.S. private activities, particularly fish-
ing, seabottom resource extraction.

e Coast Guard--protection of U.S. maritime interests
within U.S. Coastal waters.

e U.S. Navy--performs a substantial body of research,
some of whbse spinoffs are of major interest to
civilian oceanic scientists. It also cooperates
with NOAA on specific oceanic programs.

In addition, private U.S. industry engages in oceanic operational
activities, and performs significant oceanic research, e.g. technologies
for ship navigation and safety, improved ship design, seabottom exploita-

tion techniques.

The operational activities of the private U.S. fishing fleet are

well known.

Because of the recent interest in the Coastal Zone~-extended in

1975 from 12 to 200 miles - and in the fuel deposits beneath arctic

8-1




waters, there are overlaps between the disciplines of Ocean Processes
and those of Coastal Zone and Cryosphere. What follows therefore
addresses the core interests of the ocean community, beyond coastal

zone and ice-covered waters.

The oceans cover approximately 70% of the earth. The principal
factor determining the structure of the oceans and their effect upon
the environment is circulation. Water movement is driven by two princi-

pal factors; wind and differences of density.

Winds are the key drivers of ocean surface circulation. They
transfer momentum to the upper ocean layer through fluid friction. The
effectiveness of the momentum transfer depends upon the ocean surface's

roughness.

The circulation of the low oceanic waters is driven primarily by
mechanisms causing density differences in these layers. Interaction
of the ocean's surface with the atmosphere induce changes in tempera-
ture and salinity. Temperature increases from absorption of the sun's
radiant energy and decreases through evaporation and conduction of heat
to the atmosphere. Salinity is increased by evaporation and surface
water freezing and is reduced by fresh water influx from precipitation,
land surface runoff, and melting ice. The circulation results from
convection currents which arise in the attempt to balance the resultant

density differences.

Ocean currents and related processes impact weather and climate;

the oceans transport toward the poles approximately half of the excess
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heat deposited in the tropics. Development of the capability to
predict climate requires establishing methods of monitoring the heat
storage and stability of the oceans and the exchange of properties

between the atmosphere and the oceans.

Ocean circulation processes are important to life within the
marine environment. They serve to replenish the supply of oxygen and
nutrients and aid the dispersal of detrimental wastes. Currents trans-
port and distribute planktonic organisms which serve as the primary

source of food for larger marine organisms.

Oceanographic users need to monitor and predict the state of the
ocean and the interactions between the ocean surface and the overlaying
atmosphere. Prediction capability requires improved understanding of
the processes responsible for such variability, and availability of a

data base sufficient to operate and rigorously evaluate models developed.

Remote sensing technigues were firﬁt applied by ESSA and NASA to
ocean-related problems in the early 1960's with TIR0OS-1. Information
derived from visible and IR signatures has had impact on the study of
large current systems and of the global heat balance. TIROS was fol-
lowed by ITOS, NIMBUS, ESSA, ATS, NOAA, SMS, and GOES, all of which
make some form of surface temperature measurement using infrared and

microwave radiometry.

The initial success of radiometry encouraged the use of radar
techniques. Skylab successfully demonstrated in 1973 scatterometry
and altimetry as practical spacecraft techniques for measuring ocean

surface wind, sea state and current speed.
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Data from GEOS-3 altimetry has shown that "significant wave height"
can be determined within #15%. These data generate ocean surface topo-
graphic maps which can be used to calculate the surface velocity of the
major current systems, such as the Gulf Stream and Kuroshio, within

+ 20 cm/sec.

A new generation of aircraft radar altimeter developed by NASA has
obtained sea state measurements accurate to * 10% of the "significant
wave height" and profiling precisions from 2 to 10 cm, making it pos-
sible to measure the surface wind vector field within 2 m/s or *25%
in magnitude up to 25 m/sec and +20° in direction from that of the air-

craft.

The objective of 0STA's Ocean Processes Discipline Program is to
develop and improve the capability to remotely observe the ocean from
space, to serve the ocean user community in optimally exploiting such

observations to satisfy their own and then customer's needs.

The current research emphasis of 0STA's Ocean Processes discipline
program is to provide support to the investigation of the mechanisms
driving global ocean circulation processes. The current operationally
criented emphasis is towards utilizing wind and wave measurements to
support ship routing and operations scheduling. OSTA Ocean Processes
Discipline joint research projects with universities and commercial
ocean research organizations are geared to the definition of operational
and research requirements and to provide improved algorithms for con-

verting remote sensing data into geophysical information.
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Current OSTA Program

OSTA's efforts comprising the Ocean Processes Discipline Programs

fall into five categories of R&D Activities:

OP 1

Wind-Wave Interaction

Development of techniques to assess the transfer of momen-
tum between atmosphere and ocean surface. They are based
on combinations of inferential derivations:

Sea surface wind, surface wind shear and surface layer
transfer; from measures of ocean surface roughness;

Wave height distribution: from the noise spectra in
altimetry-range measurements;

Wave Tength spectra: from high resolution images of the
ocean surface;

Wind vector and wind shear: from variations in radar
backscatter coefficient and from microwave images of
surface foam effects on brightness temperature;

Wave height distributions: from the shape of a narrow
pulse radar return pulse;

Wave length distributions: from radar images of the sur-
face with resolutions of 100 meters or less.

The significance of these techniques is that wind shear causes
layer motion: this moves fish larva and oil spills around,
causes storm tides and subsequent upwelling, and develops
gravity waves (swell) which can provide hazards for ships

and 1imit ocean operations. Wind/wave interaction is impor-
tant to ship routing, ship operations scheduling, ship de-
sign, resource exploration, sea state and current forecasts,
iceberg forecasts, resource and pollution management,
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OP 2

OP 3

Global Ocean Circulation

Development of techniques and algorithms to assess and
measure the ocean circulation and mass transfer. The

areal distribution of ocean currents, eddies, upwelling

and thermal fronts are indicated by variations of color

and temperature from passive visible, infrared and micro-
wave images; and from variations of surface roughness in
radar images. Current speeds are inferred from ocean color,
surface temperature or roughness gradients, from time series
images of recognizable moving features, and from the
Coriolis bulges generated by geostrophic currents. The
measurement of Coriolis bulges from doppler shift awaits

the development of high resolution laser scanners projected
for the future.

The significance of these techniques is that ocean circula-
tion on a global scale affects weather and climate in a
major way. Coupling between ocean eddies and atmospheric
circulations; changes in rainfall and sea ice coverage
affected by currents, has been demonstrated. On a local
scale, currents affect ship routing, and move fish larva
and pollutants about.

Marine Geology and Surface Topography

Development of techniques and algorithms for measuring the
marine geoid and its periodicity due to pressures, tides,
winds, currents, and waves. Ocean surface topography is
measured from radar or laser ranging. Time variations and
ranging noise are utilized to separate the effects of waves,
pressure, tides, and currents.

The importance is that accurate knowledge of the marine
geoid is important to spacecraft navigation and ballistic
targetting. Understanding the noise in the equipotential
gravity surface contributes to the understanding of weather,
sea state, tidal excursions, and current motions.
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OP 4

0P 5

Ocean Biology

Research into techniques and algorithms for measuring and
assessing oceanic biological and chemical processes. Oceanic
bio-growth is related to temperature; to nutrient, salinity,
dissolved gases and turbidity patterns; it is negatively af-
fected by pollutants. Ocean biological growth may be infer-
red from chlorophyll, phytoplankton and zooplankton concen-
trations which have recognizable absorptions in specific high
resolution spectral bands.

Biological growth patterns are important in locating and
maintaining marine fish resources. Chemical pollutants
affect this biological balance and are transported to coastal
ecologies where they engender even greater effects.

The ocean acts as a carbon dioxide sink in a complex manner;
it modulates climatic effects due to CO2 increases.

Impact on Weather and Climate

Research and Development of techniques and of algorithms for
measuring and assessing the thermal, water and momentum ex-
change with the ocean surface atmosphere. Surface air, sea
surface and ocean subsurface temperature contribute to the
global radiation balance and water cycle processes. Sea
surface temperature measurements are achievable with present
infrared and microwave radiometers. Surface air temperatures
are potentially derivable from an IR radiometer with a wave
number of 0.01 (not presently achievable). Subsurface ocean
temperature measurements have been demonstrated to a very
limited extent using active lasers. Dissolved CO2 measure-
ments are conceptually possible but have not yet been prac-

tically implemented.

Developing the capability to predict climate will require
establishing methods of monitoring the heat storage and
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stability of the oceans and the exchange of properties
between the atmosphere and the oceans.

Near Future OSTA Program

are:

are:

The research elements of OSTA's near term Ocean Processes program

e Extraction of ocean surface topography from satellite alti-
metry

e Measurement of atmospheric and surface reflection of the ocean
e Development of ice environment information products
e Measurement of SAR point targets

o Development of improved spatial resolution of passive microwave
images

The technology elements of 0STA's near term Ocean Processes program

e Development of EM techniques for assessing wave-ocean surface
interaction

® Design for an advanced altimeter for subsurface profiling of
glacial ice

e Demonstration of the applications of remote sensing to open
ocean fisheries environment modeling and prediction

e Development of improved spatial resolution of passive microwave
images




A Sl

Future OSTA Program

The goals are to design, develop and demonstrate improved capabilities
to acquire and process global satellite observations of oceanic para-

meters to determine:
o The general circulation and mesoscale variability of the ocean

o The mechanisms of generation and persistence of surface waves
and currents by the winds

e The flux of mass, momentum, and heat between the upper ocean
and the atmosphere.

e Reliable indicators of the presence and productivity of marine
1life, e.g. chlorophyll, phytoplankton.

Figure 8.1 presents a graphic synopsis of 0STA's Ocean Processes

Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the Program. The subsequent
portion and continuation sheets reflects the Program's endeavors for

each identified R&D Activity.

Each element is referenced to its pertinent source documents; their

titles are listed at the Figure's end.

8.2 Relationships between Data Services and the Ocean Processes Discipline

Figure 8.2 summarizes the requirements for data products expressed

by the users.
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Users are interested in obtaining parameters. These are intermediate
information products derived from sensor measurements, elaborated via the
application of appropriate algorithms. For example, sea surface tempera-
ture information derives from remotely sensed radiance data elaborated
in conjunction with surface emissivity, atmospheric absorption, sensor

calibration data.

At this time, NASA users in the Ocean Processes Discipline are in
the process of developing such algorithms. For this purpose, they wish
to receive raw space data, augmented by the auxiliary data summarized

in Table 8.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approximately 100 to 150 Gigabits/year. The
volume required of auxiliary data, from Table 8.1, is less than one

tenth that of the space data.

From Figure 8.1, OSTA's program focuses on research efforts
through approximately 1985. Table 8.2 shows that the corresponding

acceptable time lapse of data delivery is of order four weeks.

Figure 8.1 shows for the post-1985 time frame transition from R&D
to. technology transfer activities. These latter could acquire two forms:
1) ‘a1gorithms and models developed by NASA researchers are tested by
other federal agencies upon their facilities, in this case NOAA's;

2) they are tested on NASA facilities with participation from sister

agency personnel.
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TABLE 8.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: OCEAN PROCESSES

(OBSERVATIONS)

V& D ACTIVITY
z o
-8 0 [*Y)
< X
> [
wr > <L
(%) e wo w ut
= < = oa o =
o wo o0 — —
) o— [ Lt - o 2 <
> - O = (¥ - [0
< O L4 (3 (=] —
X <L - wo ——
(=4 < D Z =z [& XS]
ow o O -l T <L
B o o o [¥] o cC
—_= — << D (=3 x =
= e Do xEwv [} — <
P p =
REQUIREMENTS oP 1 op 2 opP 3 op 4 0
Horizontal Resolution (KM)
Minimum 0.02 0.1 0.05 0.1 200
Maximum 10 500 0.1 10 500
Modal 0.02-0.1 | 500 0.05-0.1 | 0.1-10 50C
I Vertical Resclution (KM)
Minimum N.A. N.A. N.A. N.A. 0.2
Maximum N.A. N.A. N.A. N.A. 10
Modal N.A. N.A. N.A, N.A. 1
Frequency
Minimum 12 Hrs. 1 Day 12 Hrs. 1 Day S Deys
Maximum 2.4 Hrs, 2.4 Hrs. | 2.4 Hrs. 1 Day 1 Da,
Modal 2.4-12 Hrs.| 1 Day 2.4-12 Hrs) 1 Day 1 Car
Data Delivery
Research Investigations 4 Weeks 4 Weeks |4 Weeks - |4 Weeks 4 Weeks
Technology Transfer 2-24 Hrs.| 3-24 Hrs.| 3-24 Hrs. 3-24 Hrs.| N.A. -




TABLE 8.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: OCEAN PROCESSES
(SPECIAL SERVICES)

R & D ACTIVITY

~ REQUIREMENTS

0P 1

op 2

oP 3

oP 4

OP 5

Provide Satellite Data Mini-.
tapes for Requested Geographic
Locations and Time Periods

Provide Auxiliary Data In A
Computer Compatible Format

Provide the Capability for
Investigators to Perform
Interactive Data Processing
On a Central Data Service
Computer Via Remote Terminal

Provide a Multisource Data
Collection and Editing Service

Provide Catalog and Dictionary
Services for Auxiliary Data

Provide Sea Surface Topography
Maps

Precision Radiometric Calibra-
tion of Satellite Data
Products

Digitize & Format Radar Data
to Conform to SMMR Geographic
Coordinates

><
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SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: OCEAN PROCESSES

TABLE 8.2 (cont'd)

(STANDARD ALGORITHMS)

R & D ACTIVITY

0P 1

op 2

OP 3

0P 4

OP 5

REQUIREMENTS

Sea Surface Wind Shear
Sea State Index
Ocean Temperature Profilés

Geostrophic Flows from
Ocean Topography

Eckman Depth and Flow De-
rived From Remote Measure-
ment of Surface Wind Speed,
Direction & Sea Surface
Roughness

Location of Upwelling
Derived from Ocean Color
& Temperature Fields
Ocean Tide Models

Ocean Geoid Models

"Algae & Plankton
Distribution

Ocean Salinity

Improved Ocean Heat Balance
Models

Improved Ocean Circulation
Models
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The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the
second event, the timeliness requirements for data transfer would

be of order six hours.

Thus, for research efforts, except for technology feasibility
demonstrations, ADS data transfer requirements can be satisfied by a

service of data rate comparable to that of the U.S. mail.

In the latter part of the decade the need for links becomes more
stringent; and then only in the hypothesis that a substantial amount

of technology transfer be performed employing NASA facilities.

The slow data delivery requirements of the early time frame do not
necessarily connote that electronic linkages are not desirable. They
simply indicate that the choice of the 1ink is driven by economic cost-
effectiveness rather than by technical urgency. For example, a plausible
ADS scenario may well incorporate a centralized accounting, scheduling
and data traffic monitoring facility; which maintains track of expenditures
on the part of the users, supplies them budgetary estimates, advises them
of impending depletion of project funds. Further analysis might reveal
that such centralized management function can be pérformed more cost-
effectively through use of electronic data 1links than through other

conventional alternatives; quite apart from considerations of speed.

As a gross sizing of the "electronic 1ink" alternative during the
"sTow" R&D time frame, the commensurate transfer requirements are such

as to engage the equivalent of approximately 18 data links of 1,200
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bps capacity each, operating on a one shift, normal work week basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 8.2 and 8.3 permits the further inference that a
goodly portion of the user services related to imagery manipulation--e.g.
geocoding, superposition of formats, gridding---will impose significant
technological requirements upon ADS. This is because relatively higher
spatial resolutions are required by the users in three out of five R&D

activities.

Users need to have available approximately 12 types of significant
algorithms, Table 8.2. A potential evolutionary trend in the latter part
of the 1980-1990 decade is the transition from user-peculiar development
of these algorithms to their routine use--after necessary confidence

resulting from high "batting averages" will have been achieved.

Such an evolutionary development would open the ADS to the opportunity

of providing a centralized algorithm processing function. Algorithms which

reach fruition would be transferred to this function for conventional
processing: the Researcher would retain the function of developing the

newer generations of algorithms.
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TABLE 8.3

DATA SERVICE REQUIREMENTS FOR THE
OCEAN PROCESSES DISCIPLINE

WIND/WAVE
INTERACTION

GLOBAL
OCEAN

CIRCULATION

MARINE
GEODESY & IMPACT ON
SURFACE - OCEAN - WEATHER &
TOPOGRAPI:(Y BIOLOGY CLIMATE

DATA

Data Catatog
Data Dictionary

Computer Search

Quality Control

Data Sorting

DATA
MATTING |[gpiTING LOCATION

REFOR

Form Conversion
Code Conversion

Coordinate
Conversion

Scale Conversion

ASSEMBLY

Data Segment
Preparation

Data Set
Preparation

DATA INTEGRATION

Single-Source
Multi-temporal
Data Registration

Single-Source

Multi-temporal
Data Merging

Multi-Source
Uni-temporal
Data Regis-
tration

Multi-Source Uni
temporal Data
Merging

Datas Gridding
Datas Overiay
image Mosaicing

SPECIAL
PROCES
SING

Radiometric
Correction

Geometric
Correction

Other

DATA
MmGem'T

Data Archiving

Data Delivery

OTHER

2m 2n 3w

Note l: Real Time for Tech. Transfer

s High Value Data Service

2: Comprehensive Data Documentation
3: Prepare Seasonal! Summaries of Ocean Rainfall, Surface Temp.» Winds
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A significant difference between the data services pertaining
to the Ocean Processes Discipline and those related to other disciplines
is the fact that a large number of external users are interested in
receiving archived ocean observation data. To this effect, plans for
NOSS contemplate the eventual establishment of an appropriate data
dissemination network, to serve civilian and DOD users. Although such
a network is not within the purview of ADS as currently defined, its
eventual relationship with ADS should be taken into account in future

ADS development phases.

A more significgnt requirement is posed by the merging of auxiliary
scalar-vector data aﬁbng themselves and with the space data. The reason
is that much of the auxiliary data is derived at diverse times and
locations, some of which are not only scattered, but whose exact occur-
rences and geographic sitings are poorly known. Examples are Biological
and Chemical Species data, Drift Bottle data, Table 8.1, summaries of
ship's logs. Full exploitation of the value of these data requires that
their timings and locations be somehow correlated. This may impose upon
ADS the desideratum of a "data assimilation" service, i.e. a processing
function designed to test the data's consistency and to reduce them to

a uniform time-space reference.

8.3 Implications of ADS on the Ocean Processes Diécip]ine

Analysis of the Ocean Processes Discipline user requirements yields

the following key data-related points:
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Almost 25% of the Ocean Processes Discipline users are cur-
rently involved in technology demonstration projects such as
the sea-state and ocean current assessment applied to open
ocean ship routing. Technology demonstration programs typi-
cally require data turnaround time of 1-3 hours. Some users
would be satisfied with 24-72 hours. Current capabilities
are of the order of 1-2 months.

Near neal-time data delivery time is the key to successful
pergormance by end-usens, hence by technology trhansfer in-
vestigation: zZhis nequinrement is cuwrently met by one 0STA
data system, e.g. SEASAT's.

The current 1-2 month delivery time is considered sufficient
by the approximately 75% of the engaged in research.

Research users are impacted by cost considerations brought
about by the deficiencies of the current data system, princi-
pal among which are:

a) conventional sources of key auxiliary data do not pro-
vide updated or sufficiently documented data catalogs
and directories;

b) data quality is often questionable;

c) adequate geocoding information is not provided in the
catalogs for the key auxiliary data.

For these reasons, users are forced to acquire "total cruise”
data at excess cost and with concommitant time delays.

Users generally desire a data directory augmented by a running,
rapidly available Tog of the pertinence and quality characteris-
tics of individual data. Therefore, an imporntant ADS gunction
Aidentified 44 the maintenance of a comprehensive, continuously
updated catalog identifying not only Location and general con-
tent of the data, but additionally providing Aindications as to
the quality of each datum.
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e A comprehensive, updated Ocean Process data catalog and data
directory would significantly benefit the ocean related ADS
discipline users as well as the Global Weather and Climate
users.

e Data costs are not a significant consideration to technology
transfer users who generally do not deal with historic data.

e Data merging and reformatting represents a major requirement
for Coastal Zone users engaged in both research and technology
transfer. This is particularly true since most auxiliary data
is not in digital format and is not generally amenable to op-
tical overlay processes. Thus, many users forego using large
amounts of auxiliary data; they opt for the smaller quantity
of data already available in digital form, thus Timiting the
completeness and quality of the results.

In summary, the principal impact of an ADS upon the users of the
Ocean Processes Discipline would be economic, i.e. a significant re-
duction of the time and expense required for acquiring data in usable

formats.
Three key ADS functions would promote increased efficiency. In
approximate priority:

e A comprehensive data directory and catalog of primary space
and auxiliary data with concurrent running data log

o Cost effective data merging and reformatting services

e Acceleration of data delivery times to Support technology
demonstrations
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9.1 Description of Objectives and Content

Overall civilian responsibility for the National Severe Storm
Program resides within NOAA's National Weather Service (NWS). The

program's stated goal is "to save lives and reduce property damage

caused by severe storms."

NOAA is assisted in this task by the U.S. Air Force Global Weather
Central (AFGWC) and by the Department of Transportation's Federal Avia-
tion Administration (FAA). AFGWC and FAA have their own responsibility
for forecasting and monitoring severe local storms within regions of
interest and for their specialized ends. They provide NOAA observa-

tional and communication support.

NOAA Centers with primary responsibility for forecasting and moni-

toring severe storms are:

e The National Severe Storms Forecast Center (NSSFC)

¢ The National Meteorological Center (NMC) and its regional
Weather Service Forecast Offices (WSFO) and local Weather
Service Offices (WSO).

e The National Environmental Satellite Service (NESS), and its
Environmental Data Service (EDS) and Satellite Field Service
Stations (SFSS).

NESS operates meteorological satellite systems which provide coverage
of selected portions of the U.S. during the severe storm season, primarily

April, May and June.
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Severe storms are local weather events that usually cover relatively
small geographical areas or move in narrow paths and are of sufficient
intensity to threaten 1ife and property. The conventional definition
includes tornadoes, funnel clouds, waterspouts, thunderstorm with winds
in excess of 50 knots and/or hail exceeding 3/4" in diameter at the sur-

face.

Current operational techniques of forecasting and monitoring consist
primarily in "spotting" their presence and providing the best possible
prediction of track, and the fastest and most widespread public warning

achievable.

The principal object of current research efforts is to predict the
severe storm's formation prior to their occurrence. The major techno-
logical trend is shortening the time lapse between first inkling and

effective public warning.

NOAA's research program in severe storms js headed by the National

Severe Storms Laboratory.
Modeling is the basic tool and hope of current research.

There are two major approaches to the modeling of severe storms.
The first utilizes parameters that are routinely forecast by the large-
scale numerical models and that are statistically related to severe
weather events. The second method is to construct dynamic prediction

models of individual, small-scale weather disturbances.



A typical three-dimensional grid of a large-scale numerical model
consists of a horizontal array of 50 x 50 and 10 vertical levels, for
a total of 25,000 mesh points. Typically, six variables (temperature,
humidity, pressure, and three components of velocity) are defined at
each data point. Thus 150,000 elements of data represent the state of

the atmosphere at a given moment.

The mesh size of the Large-scale models cannoit simply be reduced
and applied to the small-scale phenomena. Not only do the observational
and computer requirements increase rapidly as the mesh size is reduced;

some of the important physical processes differ on the two scales.

The reason is that the traditional source of data for the opera-
tional, large-scale models has been the radiosonde, which provides ac-
curate temperature, wind and moisture data at many levels in the atmo-
sphere. The average horizontal spacing between radiosonde stations in
the United States is about 400 km; as a result, important weather-pro-
ducing systems with horizontal dimensions less than 400 km are either

missed entirely or grossly misrepresented by the conventional network.

Reducing radiosonde spacing presents economic problems: the ob-

vious remedy is satellite coverage.

Indeed, there is consensus in the research community that the
comprehensive spatial coverage provided by satellite data will enhance
model performance, if current research efforts can yield the required

sensing accuracy.




OSTA's Severe Storm discipline Program provides research and tech-
nology support to responsible weather forecasting agencies, principally

within NOAA.

Historically, OSTA technologies have aimed at: using spaceborne
optical, IR, passive microwave sensors to observe meteorological phe-
nomena and measure their key parameters; transmitting timely data to
users, local and global; assimilating asynoptic data into existing and
developmental numerical models to test measurement strategies and verify
the contribution of satellite data. The data sets developed by OSTA
scientists include cloud cover, temperature soundings, wind fields

from cloud motions.

Current OSTA Program

OSTA's efforts comprising the severe storms discipline fall into

six categories of R&D Activities.

SS 1 Severe Storm Indices

Remotely sensed data augmented by conventional meteorologic
data are used to parameterize the precursor meteorologic con-
ditions for storm development. Emphasis is on the determina-
tion of the necessary and/or sufficient conditions, in terms
of wind, temperature and humidity fields required to initiate
sform activity and upon verification of hypothesis of the
mechanics of severe storm initiation.

Understanding of the necessary or sufficient meteorologic
conditions for severe storm initiation; and of the associated
mechanics of severe weather development is a must to improve
short-range forecasts of severe meteorologic activity such

as tornadoes, and excessive rates of precipitation, lightning
and hail.
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SS 2 Severe Storm Structure

Development of interactive interpretation techniques to
augment conventional weather radar with satellite data:

to assess cloud parameters and wind, moisture, and tem-
perature fields associated with severe storm phenomena.

The techniques will aid in statistical and physical ex-
aminations of the relationship of changes of severe storm's
structure to its intensity and movement. Comparison of
results with in-situ measurements will be used to verify
and evaluate the techniques' utility.

Satellite data offers a valuable complement to conventional
weather radar for defining and monitoring the changing kine-
matic structure of a severe storm.

SS 3 Storm-Environment Interaction

Use of satellite observations to investigate the Mesoscale
coupling between internal and external severe storm environ-
ments, specifically; the physical processes of interchange
of momentum, heat and moisture between the storm and the
larger-scale environment and the role played by these pro-
cesses in determining severe storm intensity, longevity and
motion.

Description of the coupling processes between a storm and
its surrounding environment is an essential step toward
prediction of storm intensification, motion and dissipation.

SS 4 Integrated Severe Storm Modeling

Development of statistical and numerical models to improve
forecast of severe storm activity utilizing the additional
meteorological information provided by satellite data input.
Storm simulations utilizing various models initialized with
and without satellite data are used to evaluate the potential
and Timitations of satellite information. Developments
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emphasize the combination of satellite and conventional
data for use in 0STA-developed and externally provided
severe storm models.

SS 5 Severe Storms Detection & Intensity Measurement

Development of techniques for detecting severe storms and
examining the energetics of storm activity. Particular
emphasis is placed upon determining the optimal mix of satel-
lite and radar data required for an operational storm moni-
toring system, and upon the determination of'parameters which
can be monitored remotely for the estimation ofvétorm severity
and location. '

Enhancement of the capability to detect the onset and inten-
sity of severe storms affords operational agencies inputs for
more timely and improved severe weather warning/advisories.

SS 6 Crop Freeze Potential

Evaluation of transfer of satellite-based freeze forecasting
techniques developed for use in Florida to mountainous U.S.
areas. It is performed by relating the accuracy of forecast
of surface temperature to characteristics of the terrain, to
assess which topographic conditions are suitable for suc-
cessful system performance.

The availability of a practical crop freeze forecast system

can result in significant monetary savings to producers through
reduced losses and reduction in unnecessary uéage of crop
heaters. The key step in implementing such a system is the
identification of the conditions conducive to success.

Near Future OSTA Program

The program's philosophy is to emphasize the transfer of space-

derived Severe Storms forecasting aids, and to assess the impact of
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space data on the performance of mesoscale models. The program is
structured to foster understanding of the relationship between at-
mospheric state and flux and local severe storm observables. This
includes case studies at storm-scale size, including microphysical
and electrical observations, by means of high altitude aircraft

overflights.

The key research elements of 0STA's near term Severe Storm program

are:

e The value of Zero-G to provide an environment suitable to
understand cloud formation and development through the use
of the Atmospheric Cloud Physics Laboratory (ACPL) which will
fly on the Shuttle/Spacelab will be addressed during ACPL
flights 1, 2 and 3. These flights will occur during the
period 1981-1983.

® Conduct of large scale experiments to demonstrate the
utility of severe storms observing and forecasting techniques
using remote sensing. This will be accomplished through a
NASA Severe Storms Capability Demonstration in 1983.

e Definition of a severe storms observing system for a geosyn-
chronous research satellite, to be accomplished through the
assessment of measurement requirements and sensor capabilities
during the period FY1980-83. System design should begin in FY83
with a system Taunch in FY86.

The key technology elements of OSTA's near term Severe Storm

program are:

e Assessment of the value of VAS data to severe storms research
and mesoscale meteorology, in a VAS Assessment Task.
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Planning and software development for the VAS Assessment should
begin in FY 1980 with case studies to be effective during
FY 1981 concurrently with the VAS Demonstration.

o Development of satellite instrumentation to map the rate of
lightning occurrence will be addressed to aid established
users, such as power companies, airlines, telephone companies,
and railroads, and for use as storm severity indicators to im-
prove thunderstorm warnings. The design and development of the
Lightning Mapper should begin in FY 1981 with the instrumentation
Taunched on a geosynchronous spacecraft in the post 85 period.

o Development of an integrated, interactive, real-time, data col-
lection, display and analysis system with comparative mapped
displays of temperature, moisture, winds, 1ightning occurrence,
clouds, radar reflectivity, etc., based upon observations and
measurements from satellites, balloons, radar, and conventional
sources. This system will then be Tinked to the NOAA PROFS
(Prototype Regional Observing and Forecasting System).

Future OSTA Program

The identified long range goals of OSTA's Severe Storm program
are:

o To conduct applied research on severe storm physics for use
in the interpretation of remotely sensed data, for determina-
tion of antecedent conditions, heat budgets, thunderstorm
top/intensity, downbursts associated with tornadoes, lightning
occurrence and spectra, cloud microphysics, ionospheric waves
associated with hail and tornado regions, tropical cyclone
kinematics/energetics.
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e To deve]op'and demonstrate the merging of remotely sensed data
with conventional meteorologic data, e.g. cloud height and rate
of change from IR, flash flood indicators, thunderstorm cloud

growth rate relationships, cloud type determination, rainfall
rate estimation.

e To develop nowcasting models, tropical cyclone intensification
models, tropical cyclone course change models, frecze 1ine ob-
servations and freeze nowcasting techniques.

Figure 9.1 presents a graphic synopsis of 0OSTA's Severe Storms

Program.

The first portion of the figure reflects the space missions,
current and projected, whose data products support the Program. The
subsequent portion and continuation sheets reflects the Program's endeavors

for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

9.2 Relationships between Data Services and the Severe Storms Discipline

Figure 9.2 summarizes the requirements for data products expressed
by the users.

Users are interested in obtaining parameters. Th;se are inter-
mediate information products derived from sensor measurements, elaborated
via the application of appropiate algorithms. For example, cloud height
information derives from remotely sensed cloud-top radiance data elabor-

ated in conjunction with cloud-top emissivity, cloud type, atmospheric

absorption, sensor calibration data.
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FIGURE 9.2
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NASA users in the Severe Storms Discipline are in the process of
developing such algorithms. For this purpose, they wish to receive raw

space data, augmented by the auxiliary data summarized in Table 9.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approximately 140 to 220 Gigabits/year. The
volume required of auxiliary data, from Table 9.1, is approximately

one third that of the space data.

From Figure 9.1, OSTA's program is devoted to research efforts
\» i N % ~
through approximately 1984. Table 9.2 shows that the corresponding

acceptable time lapse of data delivery is of order four weeks.

Figure 9.1 shows for the post-1984 time frame a somewhat rapid
transition from R&D to technology transfer activities. These latter could
acquire two forms: 1) algorithms and models developed by NASA researchers
are tested by other federal agencies upon their facilities, in this case
NOAA's or 2) they are tested on NASA facilities with participation

from sister agency personnel.

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the
second event, the timeliness requirements for data transfer would be
"real time." Specifically for Severe Storms, it is important to dis-
tinguish between the direct transfer of space data from satellite to users,
and the transfer to users of previously archived data. Only the latter is
within the purview of ADS as currently defined. Thus the meaning of
“real time", Table 9.2 signifies a time lapse commensurate with the need

to call from archives data related to the satellite's primary real-time function.
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TABLE 9.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: SEVERE STORMS

(OBSERVATIONS)

R & D ACTIVIIY
=
b4
fee )
[ P .
& w G == 2
fd [ b o -
© wm vl SR =
s | & Lo B3| 2
:; vy g ] g w [ -
- [ & < @ f,f i e &
2 °b 2 5 ge) 24 .
o =D G oW o w b
= o ;’ - W | R~ L
w [ Pl ol = O w W o
w w o é b [ ©
g | g -5 = | wE | £
™ w E 2 0 DR o [
I o e nE g el g
7] <w [Pyt =™ 52 C
REQUIREMENTS §51 552 553 554 555 A
Horizontal Resolution (KM)
Minimum 3 1 5 1 5 5
Maximum 150 150 150 100 .0 100
Modal 5-150 1-20 5-100 5-100 5-50 5-100
Vertical Resolution (KM}
Minimum .5 .5 0.5 0.5 0.5 N.A.
Maximum 100 30 5 30 10 N A,
Modal 2-5 0.5-30 2-5 2-5 .5-20 N.A.
Frequ'ency
Minimum 1 min. 1 min. 1 min, 1 min. 1 min. 1 min.
Max imum 30 min. 1 min. 3 hrs. 1 min. .| 1 min, 1 hr.
Modal 1-30 min{ 1 min. 1 min.- | 1 min. 1 min, 1 hr.,
3 hrs.
Data Delivery
Research Investigations 4 Weeks | 4 Weeks | 4 Weeks | 4 Weeks | 4 Weeks | 4 Weeks
Technology Transfer Realtime | Realtime | Realtime Realtime | Realtime| Realtire




SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY
(SPECIAL SERVICES)

TABLE 9.2 (cont'd)

THE USERS: SEVERE STORMS

R & D ACTIVITY

REQUIREMENTS

SS 1

ss 2

SS 3

ss 4

S5 5 S 6

Reformat Sateilite & Radar
Data for Use on AQIPS

Reformat Conventional Surface
Upper Air Data Into a
Computer Compatible Form

Continue/Expand GSFC Multi-
source Data Support
Services

Maintain An Archive of
Raw VISSR Data

Collect & Maintain Multi-
source Meteorologic Data
Sets Relevant to Severe
Storm Activity

Digitize and Format Radar
Data to Correspond to
Satellite Coordinates

Format Radar Data Into A
Computer Compatible Form

Format Rawinsonde Data Into
A Computer Compatible Form

Reformat Fine Mesh Data Into
A Computer Compatible Form

Provide A1l Auxiliary In A
Computer Compatible Form




TABLE 9.2 (Cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: SEVERE STGRMS

(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS

SS1

SS 2

SS 3

SS 4

SS 5

SS 6

Precursor Storm Indicies
Improved Storm Forecast Models
Tempefature Field Estimates
Moisture Field Estimates

Wind Field Estimates

Atmospheric Kinetic Energy
Budget Model
L]

Improved Severe Storm Locator
Storm Intensity Estimator

Land Surface Temperature
Mapping
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During the time frame in which the research mode predominates,
approximately through 1984, ADS data transfer requirements can be
satisfied by a service of data rate comparable to that of the U.S.

maijl.

In the second portion of the 1980-1990 decade, technology transfer
activities will commence. These will be embodied into the initial test
of NOAA's Prototype Regional Observing and Forecasting System (PROFS).

The plan calls for a linkage to PROFS. NASA researchers will require
accelerated retrieval from archives of data related to severe storms,
for the purpose of assisting NOAA in performing their appointed functions.

The estimated delivery times are of order of days.

The slow data delivery requirements of the early time frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the link is driven by economic
cost-effectiveness rather than by technical urgency. For example, a
plausible ADS scenario may well incorporate a centralized accounting,
scheduling and data traffic monitoring facility; which maintains track
of expenditures on the part of the users, supplies them budgetary estimates,
advises them of impending depletion of project funds. Further analysis
might reveal that such centralized management function can be performed
more cost-effectively through use of electronic data links than through

other conventional alternatives; quite apart from considerations of speed.

As a gross sizing of the "electronic link" alternative during the
"slow" R&D time frame, the corresponding transfer requirements are
such as to engage the equivalent of approximately 20 data links of 1,200

bps capacity each, operating on a one shift, normal work week basis.
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Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of bulk
bandwidths, use of satellite 1inks whenever transfer distance exceeds

the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 9.2 and 9.3 permits the inference that user
services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will impose moderately significant technological
requirements upon ADS. This is because relatively modest spatial reso-

Tutions are adequate to satisfy the users.

Users need to have available approximately 8 significant types of
algorithms, Table 9.2. A potential evolutionary trend in the latter part
of the 1980-1990 decade is the transition from user-peculiar development of
these algorithms to their routine use---after the necessary confidence

resulting from high "batting averages" will have been achieved.

Such an evolutionary development would open the ADS to the opportunity
of providing a centralized algorithm processing function. Algorithms
which reach fruition would be transferred to this function for conven-
tional processing: the researcher would retain the function of developing

the newer generations of algorithms.
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TABLE 9.3
DATA SERVICE REQUIREMENTS FOR THE SEVERE STORMS DISCIPLINE

‘|severe storm

INDICES

ASSESSMENT
OF SEVERE
STORM
STRUCTURE

STYORM
ENVIRONMENT
INTERACTION

INTEGRATED
SEVERE STORM
MODELING

SEVERE STORM
DETECTION &
INTENSITY
MEASUREMENT ]

CROP FREEZE
POTENTIAL

DATA

Data Catalog
Data Dictionary

Computer Search

Quality Control

Dste Sorting

DATA
MATTING [gp)TING [LOCATION

REFOR

Form Conversion
Code Conversion

Coordinate
Conversion

Scale Conversion

LY

ASSEMB

Data Segment
Preparation

Data Set
Preparation

DATA INTEGRATION.

Single-Source
Multi-temporal
Dasta Registration

Single-Source

Multi-temporal
Data Merging

Muliti-Source
Uni-temporal
Data Regis -
tration

Multi-Source Uni
temporal Data
Merging

Dats Gridding
Data Overlay

Imasge Mosaicing

SPECIAL
PROCES
SING

Radiometric
Correction

Geometric
Correction

Other

DATA
MGM'T

Data Archiving

Ontns Deolivory

OTHER

= High Value Data Service

Note |3

|
2

Real Time for Tech. Transfer
Interactive Data System

® Desirable Data Service
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9.3 Implications of ADS in the Severe Storms Discipline

The consensus of the users in the Severe Storms Discipline focuses

upon the following key data-related points:

o Users obtain most of their space data through the Severe Storms
data support activities available at the GSFC GLAS Facility.
GLAS provides data linkage with NOAA/NESS and archiving of the
highly perishable high resolution VISSR data. Upon user request
this data is reformatted on AOIPS and delivered to the user ..
within 1-2 months.

e Most auxiliary data is obtained through EDIS: deliveries of
order 2-3 months are common.

e Most current users engage in research efforts: they are, in
theory, not affected by data delivery times. In practice, the
long wait slows down the pace of their efforts, thus the
efgicienty of the RED effort.

The timing with which the users feel "comfortable" is 30 days.

e The upcoming Severe Storms technology demonstration will serve
to demonstrate the utilization of OSTA-developed storm forecast
and monitoring capabilities. Users involved in this demonstra-
tion will require data delivery on a real time basis.

o The majority of researchers indicate that even though the cost
of individual data products is nominal, the deficiences in the
current data delivery system seriously impact their budgets.
Their choices 1ie between ordering an excess of data products
from which to glean the good samples, or devote excessive
time to preselection of the products to be ordered so as to
minimize the probability of receiving flawed data. Their

9-22



primary mode of operation is the latter; in either event, current
modes of data delivery seriously impact their budgets.

To remedy this problem, maintenance 04§ a comprehensive, con-
tinually updated catalog is required. This catalog should
identify Location and general content of the data, but addition-
ally provide indications as to the quality of each datum.

In other words, the users want a data directory augmented by a
running, rapidly available log of the pertinence and quality
characteristics of 4ndividual data.

The users cannot exploit all the pertinent sources of auxiliary
data of which they have knowledge, due to two principal reasons:
the financial constraints aforesaid; and the time required to
reformat the auxiliary data to match the format of the space-
derived data.

An example offered by users relates to ground radar data, used

to complement satellite storm observations. A limited amount of
radar data is currently available in digital format; virtually
all must be subjected to appropriate geocoding transformations
against satellite data. Thus, most of the available analog radar
data is not currently being used.

The provision of Low-cost geocoding and negormatting services --
whethen centralized on indivddual -- would be highly desinable,
provided that their quality and reliability match that of cwuiently
employed non-automatic methods.

In summary, the principal impact of an ADS upon the users of the

Severe Storms Discipline would be reduction of time and expense required

to acquire data in readily usable formats. In addition, ADS would tend
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to enhance user awareness of available data and utilization of data not

currently employed because of deficiencies in data formats.

are:

Five key ADS functions which would promote increased efficiency

Provision of a data directory and concurrent running data log
Provision of efficient methods of combining data
Cost effective geocoding and reformatting services

Acceleration of data delivery times for researchers by a
factor of two to four. Note, however, that most of the
delay currently experienced is caused by the internal
reaction time of the data bases and of the data reformatting
facility (AOIPS); thus, the simple provision of faster data
transfer links would in this case not suffice. More sophis-
ticated strategies would need to be employed.

Provision of quasi real time capability for users involved
in technology demonstration.
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10.1 Description of Objectives and Content

The Environmental Protection Agency (EPA) is the Federal agency
responsible for administering the "Federal Water Pollution Control
Act." The EPA has quality monitoring and assessment responsibility for

all national lakes, streams and waterways.

The monitoring and assessment mission of the EPA is directed toward
a wide spectrum of objectives related to chemical and biologic water

parameters.

Remote sensing is seen as a cost effective means of augmenting the
water quality and monitoring mission of the EPA. To this end, OSTA's

Water Quality Discipline Program supports EPA activities.

OSTA's Water Quality program focuses on laboratory and aircraft
investigations to understand the physics of remote sensing of waterborne
pollutants and in the development and application of remote sensing

techniques. Developed techniques are transferred to EPA.

The history of the OSTA Water Quality Discipline Program contains a
number of projects in which remote sensing technology has been applied in a
limited way to specific environmental problems (i.e., ocean dumps, red tide,

etc.) or to regional issues (i.e., Great Lakes, Chesapeake Bay, etc.).

Several joint NASA/user regional programs, well along in the planning
and demonstration phases, should continue to provide greater credibility

for interagency application of remote sensing. These programs include the
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Great Lakes Experiments, the Landsat Lake Classification Evaluation, and
the Ocean Dumping Program. They have already established a committed user

involvement.

The first space-acquired, regional water quality data is available from
the Coastal Zone Color Scanner (CZCS) on Nimbus 7, whose aim is to measure
chlorophyll concentration, sediment distribution, gelbstoff (yellow
substance) concentration as a salinity indicator, and the surface temperature

of coastal waters and the open ocean.

Current OSTA Program

Current OSTA efforts within the Water Quality Discipline Program fall
into two categories:
WQ 1 Pollutant Transport/Dispersal

Satellite remote sensing will be used in efforts to initialize
and validate models for assessing coastal and inland water
transport processes.

Pollutant transport and dispersal is important to point source,
land runoff and other pollutant monitoring and enforcement; for
thermal plume assessments from power plants or other hot water
emitters and for assessing the impact of various control
policies and water quality standards.

WQ 2 Pollutant Effects on Bioprocesses

Remote measurement of chlorophyl1-A will be used as indica-
tors of pollutant impact and a guide to understanding the
resultant dynamics of biological productivity. Multispectral
classification techniques for assessing eutrophic conditions,
developed for lakes and estuaries, will continue to be improved
and applied.
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Over the past decades, pollutants have threatened or
destroyed marine and fresh water fisheries, and seriously
affected local recreation potentials. Excessive nutrients,
e.g. phosphates and nitrates, lead to eutrophication, e.g.
nuisance algal growth, excessive attached and surface plant
growth, reduction in dissolved oxygen. Better understanding
of waterborne biological growth and chemical reactions can
aid pollution control and restore endangered water resources.

Near Future OSTA Program

The Water Quality Discipline Program may be subject to revision in
the near future. As currently proposed, its emphasis is on understanding
the interactions between pollutant transport and dispersion on coastal,
ocean, lake and reservoir bioprocesses. It envisions university contri-
butions, aimed at developing operational pollution monitoring and control

requirements.
The program's currently proposed philosophy is to:

® Support the NASA/EPA hazardous substance program

® Develop sensors and techniques to measure quality of, and
pollutant impact on water.

The program's research elements are:

e Data analysis of field measurements monitoring oil spill
and ocean wastes

. Imp]eméntation of a joint NASA/EPA hazardous substance
program.
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An important technological emphasis is the support of the defi-
nition of a satellite-assisted nationwide water quality monitoring
program for the late 1980's, integrating the common elements of diverse

regional water quality needs.

Principal related technology developments are:

e The application of laser techniques to measure water content,
with emphasis on chlorophyll and/or temperature

e Laboratory and field research to relate remote sensing to the
determination of chlorophyl1-A for coastal zone monitoring
(field studies in North Atlantic with NOAA/NMFS).

Future Program

OSTA's Water Quality Discipline Program is a continuing and evolving
effort with the objective of supporting user agencies in assimilating
space technology into their operational functions. Thus far, results
show that the synoptic view provided by remote sensors from spacecraft
and aircraft should permit expanding the heretofore limited surface
sampling efforts to larger areas for which monitoring and modeling are

required, e.g. the coastal zone and oceanic regions.

The types of research activities by federal participants in the
water pollution program suppofted by OSTA should continue throughout

the decade.

Figure 10.1 presents a graphic synopsis of OSTA's Water Quality
Program as currently envisioned. As already mentioned, this program

is subject to modification in the near future.
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FIGURE 10.1
WATER QUALITY DISCIPLINE TIMELINE
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The first portion of the Figure reflects the space missions,
current and projected, whose data products support the Program. The
subsequent portion and continuation sheet reflects the Program's

endeavors for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

10.2 Relationships between Data Services and the Water Quality Discipline

Figure 10.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are immediate
information products derived from sensor measurements, elaborated via
the application of appropriate algorithms. For example, surface tem-
perature information derives from remotely sensed radiance data elaborated
in conjunction with surface emissivity, atmospheric absorption, sensor

calibration data.

At this time, NASA users in the Water Quality Discipline are in
the process of developing such algorithms. For this purpose, they
wish to receive raw space data, augmented by the auxiliary data sum-

marized in Table 10.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approximately 5 to 13 Gigabits/year. The
volume required of auxiliary data, from Table 10.1, is approximately

three-fifths that of the space data.
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FIGURE 10.2

USER REQUIREMENTS FOR SPACE DATA PRODUCTS,
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From Figure 10.1, OSTA's program is devoted to both research and
technology transfer efforts throughout the 1980-1990 decade. Table 10.2
shows that the corresponding acceptable time lapse of data delivery is
of order four weeks for research efforts, one week for technology

transfer endeavors.

Thus, during the 1980-1990 decade, ADS data transfer requirements
can be satisfied by a service of data rate comparable to that of the

U.S. mail.

Commencing approximately 1986, portions of the program are ex-
pected to transition to operations. Since operational activities will
most likely be performed by EPA or NOAA, employing EPA's or NOAA's
facilities, they will probably not impact ADS: because, by current

definition, ADS is intended to service NASA researchers only.

The slow data delivery requirements of the Water Quality disci-
pline do not necessarily connote that electronic linkages are not de-
sirable. They simply indicate that the choice of the link is driven
by economic cost-effectiveness rather than by technical urgency. For
example, a plausible ADS scenario may well incorporate a centralized
accounting, scheduling and data traffic monitoring facility; which
maintains track of expenditures on the part of the users, supplies
them budgetary estimates, advises them of impending depletion of pro-
Ject funds. Further analysis might reveal that such centralized manage-
ment function can be performed more cost-effectively through use of
electronic data links than through other conventional alternatives;

quite apart from considerations of speed.

10-13



TABLE 10.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: WATER QUALITY

(OBSERVATIONS)

P2 D ACTIVITY
1~
fo ] wy
€ —
v [ Ve
= [VE VY
< O [VEyvel
o v w
- v [FE RV
[=4 (5]
= [
=z o = o
< W < Q.
— = -0
So 5=
) — o
—_a )
o= o=
a < a o
REQUIREMENTS WQl WQ2
Horizontal Resolution (KM)
4inimum 0.1 0.3
Maximum 10 1.0
Modal 0.1 0.1-1.0
Vertical Resolution (KM)
Minimum N.A. N.A,
Maximum N.A. N.A.
Modal N.A. N.A,
Frequency
Minimum 1 Day 1 Day
Maximum 2.4 Hrs. 1 Day
Modal 1 Day 1 Day
Data Delivery
Research Investigations 4 Weeks 4 Weeks
Technology Transfer 1 Week 1 Week
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TABLE 10.2 (Cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: WATER QUALITY

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS

WQl

WQ2

Reformat Al11 Data to Conform
to a Standard Georeferenced
Grid

Compile Multisource Data
Sets

Maintain A Catalog of
Pertinent Satellite &

Auxiliary Data

(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS WOl WQ2
Pollutant Concentration

Estimators X X
Water Current Estimators X !
Temperature and Salinity

Profiles X
Chlorophyll and Plankton

Estimators X
Nutrient Concentration

Estimators X
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As a gross sizing of the "electronic 1ink" alternative, the cor-
responding transfer requirements are such as to engage the equivalent
of approximately 1 to 2 data links of 1,200 bps capacity each, operating

on a one shift, normal work week basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite 1inks whenever transfer distance ex-

ceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Table 10.2 and 10.3 permits the further inference
that user services related to imagery manipulation---e.g. geocoding,
superposition of formats, gridding---will impose fairly significant
technological requirements upon ADS. This is because relatively high

spatial resolutions are required to satisfy the users.

Users need to have available approximately 5 significant types
of algorithms, Table 10.2. A potential evolutionary trend in the
latter part of the 1980-1990 decade is the transition from user-pe-
culiar development of these algorithms to their routine use--after the
necessary confidence resulting from high "batting averages" will have

been achieved.

Such an evolutionary development would open the ADS to the op-
portunity of providing a centralized algorithm processing function.

Algorithms which reach fruition would be transferred to this function
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TABLE 20.3

DATA SERVICE REQUIRENTS FOR THE

WATER QUALITY DISCIPLINE

POLLUTION POLLUTANT
TRANSPORT & EFFECTON. . . _}{_
! DISPERSAL BIOPROCESSES
r4
- PL) Data Catalog a a
:’& Data Dictionary L =
08 Computer Search ® e
-
()
q 2| Quality Contro! ® e
R
ga Data Sorting ® ]
w
0 Form Conversion ® ®
IE Code Conversion
o" Coordinate
"‘z Conversion
:2 Scale Conversion
: Data Segment ® [ ]
; Preparation
¢ | Data set ] L]
2 Preparation
Single-Source
Multi~-temporal ®
Data Registration
2 Single-Source
' o Multi-temporal
- Data Merging
g Muliti-Source Py ®
(L] Uni-temporal
w Data Regis-
}z- tration
- Multi-Source Uni
q temporal Data
4 Merging
g Data Gridding b L
Dats Overlay
Image Mossicing
<0 Radiometric L
dw Correction
Ug(.') Geometric ®
:‘KE Correction
nav| other
(; Data Archiving
I
q
Qg Data Delivery | @ | ®
-4
w
I s L]
= 2 2
o
= 'High Value Data Service ® Desirable Data Service
Note I: | Week for Tech. Transfer
Note 2: Comprehensive Data Documentation
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for conventional processing; the researcher would retain the function

of developing the newer generations of algorithms.

10.3 Implications of the ADS on the Water Quality Discipline

The analysis of user requirements for the Water Quality Discipline
results in the following data-related findings:

o Current water quality users are adequately served by current
data delivery times. Current delivery times for space data
fall typically within the range of 2 weeks (EROS-fast) to
2 months (NSSDC).

e Inland and coastal water quality efforts are in general served
well by auxiliary data services such as WATSTORE and STORET when
adequate access capability is provided. Data access times for
STORET can be less than 3 hours. Typical times are of order
of 24 hours.

e Space product costs are not a significant barrier to researchers:
however, user efforts are impacted by cost considerations brought
about by the deficiencies of the current auxiliary data collection
system, principal among which are:

a) conventional sources of key auxiliary data do not
provide updated or sufficiently documented data
catalogs and directories;

b) data quality is often questionable;

c) adequate geocoding information is not provided in the
catalogs.

e ADS must provide an efficient and cost effective access to the
auxiliary data services such as STORET and WATSTORE. In addition
to the obvious benefits of improving access to data essential to
the calibration and evaluation of remotely sensed water quality
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data, the linkage to these conventional archives would probably

( foster increased cboperation between NASA and other agencies

and organization, hence opéning upAa wider user base for satellite
derived products.

e NASA users in the Water Quality Discipline are oriented towards
satisfying the near-term requirements of "external" users.

e This external user orientation strongly suggests that archival
storage of system-corrected, parameterized and georeferenced
data be made available. To meet these requirements, continuously
updated and pedigree-annotated data catalogs and directories
should be made available. This capability will significantly
improve the data delivery to users and aid in providing inte-
grated data sets required due to the complexities of the chemical,
biological and hydrologic phenomena involved. It is most likely
that common format data sets will be required in the future,
probably in accordance with the USGS quad sheets.

¢ The reconnaissance nature of the Water Quality Discipline also
make its advantageous to provide an archive of processed inter-
mediate products both to support multiple investigations and
for historical analytic purposes.

In Summary, the principal impact of an ADS upon the users of the

Water Quality Discipline would be economic, i.e. significant reduction

of time and monies spent by researchers to generate integrated data sets.

Three key functions would promote increased efficiency. In approx-
imate priority:

® A comprehensive data catalog with georeferencing and data pedigree

® Enhanced access to auxiliary data sources
¢ Establishment of an archive for O0STA developed information products
to support multiple investigations and to provide data feedbacks
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11.1 Description of Objectives and Content

The statutory responsiblity for US Government activities oriented

to agriculture, animal husbandry and forestry resides with the USDA, which

explicates them through its Services.

The principal USDA Services, and the Federal Agencies principally

concerned with domestic and foreign agricultural information, and their

principal roles ave:

SERVICE OR AGENCY

USDA - ESCS
USDA - FAS
USDA -ASCS
USDA - SEA
USDA - SCS
USDA - FS
FCIC

OEP

AID
Intelligence
Community

FUNCTION OR INTEREST

Periodic domestic acreage inventory
Periodic domestic yield estimation
Periodic domestic production forecast
Economic studies, domestic & foreign

As above, foreign producers
As above, world estimate

Periodic Land Use to assess farmer's
compliance with price support and
conservation policies

Research on improved agripractics

Assessment & Planning of irriga-
tion policies

Forest Inventories

Verification of agricultural
losses, assessment of premiums

Assessment of agridisasters for
relief policy

Assessment of recipients of Foreign Aid

Assessment of Foreign Agristatus




Currently, major interest for applying remotely sensed data lies
within the Federal community charged with domestic and foreign crop
inventory and forecast. This is because staple crops are a major
element in the U.S. balance of payments, and in the formulation of
U.S. foreign policy, in view of the relatively precarious world food

situation.

The function of crop inventory and forecasting provides two types
of outputs:
e statistical information

e economic intelligence

The first supports U.S. private traders, States, Counties, Inter-
national Agencies, friendly countries. The second assists the Federal
crop insurance program, U.S. planning agencies. OEP, the AID, U.S.

intelligence functions.

Interest in applying remotely sensed data is growing within the
segment of the USDA and of other Federal agencies charged with improv-
ing agricultural, husbandry and forestry techniques, e.g. irrigation,
poliution abatement, alleviation of the adverse effects of weather and
climate. These involve principally USDA's SEA, SCS, FS, and the DOI and
NOAA. |

OSTA's Agriculture Forestry and Rangeland Discipline supports the

activities of the Agencies through a program whose objective js the




utilization of remotely sensed data to address agricultural informa-

tion needs.

Current OSTA Program

OSTA's efforts comprising the Agriculture, Forestry and Rangeland
Discipline Program fall into eight categories of R&D Activities. These are

identified in the joint USDA/NASA/USDI/NOAA AgRISTARS program.

AG 1T Early Warning/Crop Condition Assessment

Development of techniques to identify crop conditions which
may provide early warning of significant changes in yield.

Infield damage destroys a substantial percentage of world
staple crops each year. 1Its reduction through early detec-
tion can potentially add significantly to the world's food

supply.

Early identification of erop stress, such as from disease
or insect infestation, often allows timely remedial treat-
ment to save yield.

AG 2 Foreign Commodity Production Forecasting

Development and test of techniques to provide objective and
reliable crop production forecasts during the growing season,
and improved preharvest estimates for several countries and
staple crops.

Commodity production forecasts play a key role in determin-
ing crop prices on world markets. Accurate forecasting is
expected to help stabilize these markets by allowing more
precise and timely adjustments to surplus, or shortfalls of
agricultural staples.




AG 3

AG 4

: AG 5

AG 6

Yield Model Development

Implementation of multi-variate models to predict growth
conditions and to forecast yield for specified crops;
development of physiological models which associate plant
processes with observables, utilizing weather data, to
estimate yield.

Improved yield models are critical to improving the accuracy
of commodity forecasts.

Supporting Research

Development of sensors and information extraction techniques
to provide meaningful data to investigators of agricultural
applications of remote sensing, in particular to support the
information needs of the U.S. Department of Agriculture.

Soil Moisture

Development and demonstration of technology to estimate
soil moisture profiles from remote multisensor and ancillary
data.

The proper level of soil moisture is crucial to normal crop
development. Deficient or excessive levels exert stress on
the crop resulting in decreased yield. Soil moisture is thus
a significant variable in crop estimation.

Domestic Crops and Land Cover

Development and implementation of an integrated satellite/
ground monitoring system for more precise, cost-effective,
and timely U.S. crop acreage and land cover estimates.
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AG 7

AG 8

Accurate acreage estimates are essential to reliable

crop forecasts. Variation of land cover with time indi-
cates the amount and usage of arable land. This informa-
tion is needed for the effective management of land
productivity.

Renewable Resources Inventory

Development and evaluation of techniques to apply remote
sensing technology to the inventory, assessment, monitoring
and management of forests and rangelands.

Provision of accurate information on the extent and condition
of forests and ranges assists their management, hence this
will help assure the continued availability and productivity
of these resources.

Conservation and Pollution

Development and evaluation of an integrated capability --
from satellite, aircraft, ground data -- to supply infor-
mation on conservation, agricultural, forestry practices;

to determine their effectiveness and to assist in eliminating
the impact of pollution on production potential.

Erosion is a leading factor in reducing arable land. Identi-
fication of lands vulnerable to erosion, and assessment of
anti-erosion practices, are promising areas of research to
reduce the loss of agriculturally productive land. The
deleterious effect of airborne pollution on vegetation is well
recognized. The full impact of specific pollutants on crop
yield, however, is not yet well understood. Research can
contribute to improved yield forecasts, perhaps to the devel-
opment of measures to reduce crop damage.
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Near Future Program

The goal of OSTA's the near term Agriculture, Forestry, Rangeland

Discipline Program is to support the_AgRISTARs; Program. Its elements

are:

Early Warning and Crop Condition Assessment (EW/CCA)

The USDA/FAS-CCAD's current proto-operational capability for
early warning and crop condition assessment is expected to
become operational in the 1980-1985 period. The related
RD&T effort will be directed toward developing techniques
compatible with this operational system.

Foreign Commodity Production Forecasting (FCPF)

Research oriented toward discrimination of wheat and barley in
the presence of other small grains; extension of the commodity
production forecasting to additional crops and regions; improve-
ments in early season production estimation techniques using
Landsat-D Thematic Mapper data.

Yield Model Development

Investigation of crop yield modeling based on: identification
and measurement of the observables that relate to plant growth
integration of their relationships with economic and technolo-
gical drivers of crop yield, particularly for the small grain
staples.

Supporting Research

Augmentation of existing technology, primarily for foreign commo-
dity production forecasting.




o Soil Moisture

Continue development and demonstration,on a 1imited scale, of
technology to estimate soil moisture profile, based on remotely
sensed data plus generally available ancillary data. Relation-
ships between surface zone soil moisture and soil color will be
used with the existing classification and mensuration systems to
decrease intrafield cluster variance.

¢ Domestic Crops and Land Cover

It is anticipated that USDA/ESCS's operational activities will
employ remotely sensed data as an important adjunct to its
primary data sources. The USDI/BLM is expected to initiate an
operational wildland vegetation inventory system based upon
the experience gained in the current Application Pilot Test.
The cotton inventory APT is also anticipated to become opera-
tional in the 1980-1985 time frame.

e Renewable Resources Inventory

The USDA Forest Service forest inventory APT, is expected to
become an operational program. At the successful conclusion
of the St. Regis Paper Company's forest stand inventory APT,
the Company plans the development of an operational capability.

e Conservation - Pollution

Evaluation of remote sensing techniques for assessing conser-
vation practices and determining the impacts of pollutants on
the environment.

Future Program

The Program's principal features are expected to be:




NASA's Charter for technology development will remain unchanged.
The AgRISTARS Program goals will be met approximately when due.
The general scope of AgRISTARS will remain substantially unchanged.

Space flight programs will proceed approximately in accordance
with NASA's current plan for Landsat D, regardless of whether the
operational charter is transferred to another Sister Agency.

The growth of users beyond the AgRISTARS community will not
significantly impact the program's data load.

The anticipated activity thrusts of 0STA's future program's are:

AgRISTARS research results will lead to expanded activity in
predictive model development. Qualitative and quantitative data
interpretation techniques developed under AgRISTARS will be
applied operationally. Research to develop optimum MRS bands
for assessing episodic events will be initiated.

Foreign Commodity Production Forecasting

Foreign crop inventory technology development will focus on
the optimal utilization of MRS to extend coverage into densely
cultivated agricultural regions. MRS sampling, aggregation
and observation strategies will be validated in OERS. A global
inventory will be demonstrated.

Yield Model Development

New flight programs will promote (a) the optimum use of MRS
channels to enhance the accuracy and stability of spectrometric
models; (b) the integration of Soil Moisture Mission and Thermo-
stat data, or equivalent, to enhance the applicability of yield
models to abnormal growing conditions; (c) the application of
System-85 soundings and improved weather forecasts to develop
long-range yield predictors."
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Supporting Research

Special attention will be given to (a) the evaluation of OERS,
SMM and Thermosat sensors,'td optimize their operational deploy-
ment; (b) development of multisensor data integration and infor-
mation extraction techniques; and (c) research in the relation-
ships between crop spectra and crop growth.

Soil Moisture Estimation

Investigations combining Soil Moisture SAT and Thermostat sensors,
or equivalent, will continue to develop root-zone moisture pro-
file estimators and to focus the development of wide-area surface-
zone soil-moisture mapping systems. Soil moisture profile pre-
dictor models will be developed for application in further
advancing early warning and yield prediction techniques.

Domestic Crops and Land Cover

Evaluation of optimum MRS bands for domestic crop inventory and
mapping will lead to rapid extension of AgRISTARS area estima-
tion capability to all 44 crop reporting states. Technology
transfer will support decentralization to the State Statisti-
cal Office (SSO) level. Integration of early warning capabili-
ties will enhance SSO's local area guidance capabilities.
Developments in hydrological models and soil moisture estima-
tion technology will promote the development of irrigation
feedback control systems. The integration of land cover change
detection techniques, conservation and pollution monitoring
techniques, and improved area and yield estimators, supported
by Geographic Information System (GIS) data bases, will lead to
the development of a Land Productivity Management Information
System. -




® Renewable Resources

OERS capabilities will improve forestry and rangeland inventory
technology. The MRS will be for inventory used in a multistage
sampling design integrated with the mapping capability of the
TM. Large scale testing will validate system performance in

fulfillment of Resource Planning Act's requirements.
e Conservation and Pollution

Research will continue on systems for monitoring conservation

conservation practices and for detecting and reporting pollution.

Figure 11.1 presents a graphic synopsis of OSTA's Agriculture/

Forestry/Rangeland Program.

The first portion of the Figure reflects the space missions,
current and projected, whose data products support the Program. The
subsequent portion and continuation sheets reflects the Program's

endeavors for each identified R&D Activity.
Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

11.2 Relationships between Data Services and the Agriculture/Forestry/
Rangeland Discipline

Figure 11.2 summarizes the requirements for data products expressed

by the users.
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FIGURE 11.1
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FIGURE 11.1
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FIGURE 11.2

USER REQUIREMENTS FOR SPACE DATA PRODUCTS,
AGRICULTURE/FORESTRY/RANGE_LAND DISCIPLINE

~ -
g 5‘» w
2|8 | g _ - g SOIL MOISTURE £
S| 2 | S |LANDSAT C| TIROS ‘N JLANDSAT D| = [SHUTTLE | OERS | i | SYSTEM 85 SAT, 5
<< foad %]
g o« a -4 ﬁ'é ¢‘§ 5

SURFACE TEMPERATURE olele o ® ojoe | e [

WIND SPEEDS )

PRECIPITATION RATE PY

SOIL MOISTURE le® ° ol o oloje]e

SNOW COVER ojojoejeojolo ojleje/ocjcoj/0oi0jo/ o |0 o/o]jo]o

SOLAR RADIATION . . MEASURED BY AIRCRAFT SENSQRS

AIR TEMPERATURE PROFILES °

LAND ALBEDO 0 )

LEAF AREA INDEX ole leje]e elelo

v__TISPICTRAL CROP REFLECTANCE o0 ole o!le

14S0LAT 10N

CANOPY TEMPERATURES LB BK] o ® olefe o

SOIL TEMPERATURES oieio o Q o} o ) )

SURFACE WATER.EXTENT ojofeojefe]o0 ole/efoje|o|/ejo[o [o|ololeole

PARTICULATE MEASUREMENTS (NERSURES BY RIRCRAFT DENSCRS =~ i

CUIDENT MEASUREMENTS . MEASUREQ BY AIRCRAFT SENSORS i

DATA BANKS .

HOAA/NESS e (] elo (] o

NCC/SDS ° o ole

EROS |0 ole ojelo|o [ J

NASA/JSC GADB o

NSSDC - [ [ AKJ Q 0j6j6} O

GSFC/IPD L)

JAWF ‘ ° )

PRODUCTS ey
TAPES/YR. 45 | 360|270 [3441) 480 | 270| 90[r80 pasohtor] - | s} - - | -] - ~l=-1-1-1- 9308 ]
T”E SEGME“TS/YR. - - ~ 16380} 280 - - - 1500 - - - - - - - - - - - - 8160

g [ TWGES/TR. - -] - keesdated - | - [~ | -|- brs e} -]-] -1} - -{- ] -1 -1 -] 16019

“ [ IMAGE_SEGMENTS/YR. -1 -4 -Jeool - 4. 4= T -d- - 1-1-1-1-1- -l 1= -r- 400
OTHERS/YR. -T-1-1T-7-1-1-1-1-1-71-0/-01-1-7T-1T- JA I I I -
G BITS/YR. L2130 123 a7 o 3[27 87 a9~ 102} ~ -} -} - HEREE 329
TAPES/YR. : - b .= {.229 1e0|280 | 270| 9022163080962 |- | 5 | <1 - | -} - -f{-1-1 -] - 8017
TAPE_SEGMENTS/YR. -l -} -] -fee0} - - |asoofves| -{- }-|--}-]-] - -]~ -] -] - 255
IMAGES/YR. ST o] -1 < T3e0] -] - liear)307] .~ [sesleso] - -1 -1 - -1 - -1 - -1 208

8 [ IMGE_SEGMENTS/YR. T 111 -1-J% -1 -t-1-1-1-1 -1-1-1T-T-§ #o

™ [oTHERS /YR, T-1-1 (-1 -1-1-0{-T-T=-1-1T-1-1{-1- - -] -
G BITS/YR. - "l -1 8l 6ls0]lo] 3] 78Ja3f 3} Jo2f - |-} -F -] -|-1-1]-]- 283
TAPES/YR. - -1-1- - -1- -4 -] -}- - RPBAMIOG54002840 | £OO [2240/2300{1750 120§ 48640
TAPE SEGMENTS/YR, -l e - - - - - -] - p3eo| zeq - - l-1-1-1- 1640

o | IMAGES/YR, -l -{-f{-1-1-1-1-]-1-]-1- hsoehaoo} -| - - | -4 -] - 11e0] 7746

& [(1MAGE SEGMENTS/YR. - a-t-t-r-t-t-l-t-1-1-t-1- 4 -1-7-1-T- -
OTHERS/YR. o IR Tl I NS IS B S LS N I LN BN B il N R A -
G BITS/YR, ) - - . - - - - - - -1 ~ | 459|704 | 189} 99 280 | 78|81 | 61 4 1702

11-15




Users are primarily 1nterested in obtaining parameters. These
are intermediate information‘prqducts derived from sensor measurements,
elaborated via the application of appropriate algorithms. For example,
soil temperatyre information derives from remotely sensed radiance
data elaborated in conjunction with surface emissivity, soil moisture,

atmospheric absorption, sensor calibration data

NASA users in the Agriculture Discipline are in the process
of developing such algorithms. For this purpose, they wish to receive

raw space data, augmented by the auxiliary data summarjzed in Table 11.1.

The volume of required space data shows a large increase through
the 1980-1990 decade, from approximately 300 to 1,700 Gigabits/year.
The volume required of auxiliary data, from Table 11.1 is approximately

one-seventh that of the space-data.

From Figure 11.1, OSTA's program is devoted to both research and
technology transfer efforts throughout the 1980-1990 decade. Table 11.2
shows that the acceptable time lapse of data delivery for research of

order one to four weeks.

Technology transfer activities acquire two forms: 1) algorithms
and models developed by NASA researchers are tested by other federal
agencies upon their facilities; or 2) they are tested on NASA facilities

with participation from sister agency personnel.

The first form of transfer does not impact ADS because by current

definition, ADS is intended to service NASA researchers only. In the
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, TABLE 11.2

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS:
AGRICULTURE, FORESTRY, RANGELAND

(OBSERVATIONS)
)] Tnvnf -
£ 2
| 2|8 g £
= [ ed a. -d o= -
a. i v =] 35 w @ o
25 |8 |1 % e = o
O =x P73 b=
S jsz|Z (BB |SB |22 |2 |Eg
S o |a e0 |8% o A o
Eg |22 |C [LE¥ 08|85 | & (D2
Ex |88 |B |sg2 |82 |52 | o |EE
5 — § N = on - o e
X :’.s —d = - el d [=X=] - D
21e 88 |82 |G F R =
:a wg. 3 a0 = [YY YY) au —_
=0 | 2% | = 23 | 8% 8 &5 | S
REQUIREMENTS A5 ) | A2 ]ag3iacs lagsS FAGE as 7 jRo 8
Horizontal Resolution (KM)
Minimum 0.03 | 0.03 | 0.06 | 0.03 | 0.03 | 0.03 0.03 | 0.03
Max§mum 10 0.1 0.1 0.1 0.1 0.1 0.1 50
Modal 1-10 § 0.5- ] 0.06-|0.03-} 0.03-} 0.03- 0.03-150
0.1 0.01 10.1 0.1 0.1 0.1
Vertical Resolution {KM] -
Minimum N.A. | N.A. | NLAL [ N.A. I NLA. | NLAL N.A. [N.A
Maximum N.A. | N.A. JNLA. |N.A. I N.A. | N.A N.A. |IN.A
Modal N.A. | KA. [ NLAL [NLA. INLAD | NLAL N.A. |N.A
Frequency ’i ‘J
Minimm 9 Days {73 Dayg4 Weeld3 Mo. § 1 Yr.| 1 Yr. 4 Mo. |9 Days
Maximum 1 Day |73 Dayy1 Day {1 Mo.. | 3 Mo.| 3 Mo. | 2Mo. l9 pays
Modal : 1-9 Dayq 73 Day{1 Day {3 Mo. |3-12Md 3-12 |2-8 Mo. |9 Days
Mo,
Data Delivery )
Research Investigations [4 wks. [1-4 Wksi4 Wks.14 Wks.|4 Wks.} 4 Wks.| 4 Wks. |9 Days
Technology Transfer 2-4 Daysr-z WksJ Wk, [n.A. J1 owk. | 2 wks. J3-2 wks .} 1-2 Hk1
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TABLE 11.2 (cont'd)

SUMMARY OF UATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS
AGRICULTURE, FORESTRY, RANGELAND

(

SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS

AG 2 |AG 31 AG4 |AG5 |AG 6 AG 7 AG 8

Provide Georegistered Seg-
ment Mini-Tapes

Sceiie to Scene keyistira-
tion

Meteorological Parameters
Portrayed on Contour hMaps
(1% Accuracy) Bveriayed on
12.5 Nm Grid

Remotely Sensed Data for-
matted to User Specifica-
tiuns

Geometiic Correction of
Remoteiy Sensed imagary

Geocoded Auxiliary :infor-
rmation

Collect Georeterenced &
File Agronomic Data cn
Standard Referenced Grid

Space Data Calibration
Geowatric Referencing,
‘egisiration

Georefeirence and Register
LCT and Photographic Pro-
ducta

Cataiog index Query and
Central Referral Services

Organize Auxiliary Data by
Location, Date, on 12.5
Nm Grid or by Segment

Vissr Data must be For-
matted into Usable Tabular
& Graphic Formats

Maintain a Catalog and
Dictionary of Remotely
Sensed Data

Collect and Provide
Colletary Agronomic
and Meterological Data
in Georeferenced Data
Sets
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TABLE 11.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS:
AGRICULTURE, FORESTRY, RANGELAND

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS

AG 1

AG2 JAG3 |AG4 | AGS5 | AGS AG 7

AG 8

Calipracvion, Geometric
Correction, Geometric
Registration, of Max-
Min. Temperature Obser-
vation, Interpolated to
Common Grid Sites

Resample and Georeference
Auxiliary Data

Provide Multisensor Data
Merging and Registration

Provide Mini-Tapes of
(OSTA DAT)

Digitize Ground ruth &
Field Measurements in
Common Forinat and Record
on Tape File

Oisparate Aircraft &
Satel?"to Data must be
Registered Together to a
Cormon Format

Provide Cloud Maskirg
Procedures

Provide Digital Terrain
Data Registered to Space
& Aircraft Data

Locate and Supply Required
opographic and Soils Maps

Provide Cloud Free CCT'S
For Conservation Inventory
Studies
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TABLE 11.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS
AGRICULTURE, FORESTRY, RANGELAND
(STANDARD ALGORITHMS)

TABLE 11.2 (Cont'd)

R & D ACTIVITY

REQUIREMENTS AG 1| AG2}AG3| AG3| AGS5 | AG6 |AG7 AG 8

Soil Moisture Estimator X X

Normal Condition Image

Masks

Crop Type (Classification X X X

Crop Stage Estimator X

Crop Stress Estimates X X X

Degree Pay Estimator
Crop Yield Estimator

Radiometric Calibration
Classification Techniques X X X X

Five Search, Sort and
Retrieve Generation X X

Improved Crop Calendars
Area Specified Yield X
Geometric Corrections
Registration Algorithms X X X X X

Multi-spectral Classifica-
tion Special Transforms
(Tacap, Vien, etc) X

Calibration Algorithms X X X X
Area Mensuration

Land Cover Change
Detector X X

Maximum Likelihood Land
Use Cover Classifier

Statistical Analysis of
Ground Truth Via Super-
vised and Unsupervised

Classification Algorithms X
Vegetation Type Classifier X X
Soil Type Classifier X

Vegetation Canopy Density

Scene Reflectance Corrected
to Compensate Terrain

Aspect and Elevation
Vegetation Condition

Estimator X
Erosion Potential
Estimator X
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second event, the timeliness requirements for data transfer are of

order a few days.

Thus, ADS data transfer requirements for research activities can
be satisfied by a service of data rate comparable to that of the U.S.

mail.

AgRISTARS technology transfer activities will be performed in
large measure on facilities which, although in part jointly owned by
the AgRISTARS participants. {hey would thus fall within the purview

of an ADS system.

The slow data delivery requirements inherent in the research
activities not necessarily connote that electronic linkages are not
desirable. They simplg indicate that the choice of the link is driven
by economic cost-effectiveness rather than by technical yrgency. For
example, a plausible ADS scenario‘may well incorporate a cenira]ized
accounting, scheduling and data traffic monitoring faci]it&; which
maintains track of expenditures on the part of the users, supplies
them budgetary estimates, advises them of impending depletion of
project funds. Further analysis might reveal that such centralized
management function can be performed more cost-effectively through
use of electronic data links than through other conventional

alternatives; quite apart from considerations of speed.

As a gross sizing of the "electronic 1ink" alternative for the

"slow" R&D Activities, the corresponding transfer requirements are

N

-
11-23




such as to engage the equivalent of approximately 63 data links of
1,200 bps capacity each, operating on a one shift, normal work week
basis for the current and near term programs; growing to 326 equivalent

tinks in the 1985-1990 time frame.

Because the driver of the fs]owf activities is economics, not
technology, system tradeoffs can exploit to the fullest special tariff
structures and price breaks: e.g. discounts for off-time operation,
quantity savings from use of bulk bandwidths, use of satellite 1links
whenever transfer distance exceeds the cost breakpoint (currently

of order 900 kilometers).

The need for fast data transfer links becomes more pressing for
technology transfer éctivities. The activities posing the most stringent
requirements are early warning, and activities associated with crop

production forecasting.

The timings of the corresponding physical observables are such as
to give rise to short periods of intense interest, interspersed by
Tonger intervals of lesser importance. The occurence of frosts is a
typical case in point: indicative crop change within hours, at most a
few days after the frost event: thereafter the "“indicators", pointing to

either recovery or loss, vary but S]ow]y.

The net result is that these'aétivities impact ADS by imposing
conditions of high peak transfer rates at low duty cucles. As a gross

sizing, peak-to-average ratios are expected to reach 5:1.
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ADS systems tradeoffs can exploit the significant difference between
the "slow" R&D and the "fast" Technology Transfer requirements through

the use of load-eveining techniques, such as priority scheduling.

Analysis of Tables 11.3 and 11.2 permits the inference that user
services related to imagery manipulation -- e.g. geocoding, superposi-
tion of formats, gridding -- willimpose very significant technological
requirements upon ADS. This is because quite high spatial resolutions

are needed to satisfy the users.

Users need to have available in excess of 50 significant types of
algorithms, Table 11.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar
development of these algorithms to their routine use -- after the
necessary confidence resulting from high "batting averages" will

have been achieved.

Such an evolutionary development would open the ADS to the
opportunity of providing a centralized algorithm processing function.
Algorithms which reach fruition would be transferred to this function
for conventional precessing: the Researcher would retain the function

of developing the newer generations of algorithms.
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11.3 Implications of ADS on the Agriculture, Forestry & Rangeland Discipline

Analysis of the user requirements for the Agficu]ture, Forestry and

Rangeland Discipline results in the following data-related points,

¢ The users state that the major portion of activities in
Agriculture, Forestry and Rangeland are adequately served by
current data delivery times. Only a limited amount of data
is currently required in near-real-time, specifically that
for technology demonstrations under the AgRISTARS program,
where timeliness of information extraction and/or utilization
plays a significant role,

The AgRISTARS MOU specifies that NASA activities should relate
to the use of remote sensing for agricultural applications,
e.g. early warning of events affecting production, and to the
transfer of techniques to USDA for subsequent operational use.
Demonstrations typically involve cooperative activity with
USDA operational personnel., The real-time elements of data
delivery are not generally within the purview of OSTA data
systems.

ADS can however play an important support role to technology
demonstrations by speeding up current data delivery times to
those required by the end user.

¢ Data cost issues were not identified as a major concern by
the research users. Cost considerations were recognized as
important issues in the eventual translation of the techno-
logy to an operational mode.
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¢ A key conclusion drawn from Agriculture researchers is the

need to obtain auxiliary data with greater efficiency.
Currently, investigators gather their required data from

-a wide variety of basically unarchived and unannotated
sources. Dealing with a variety of data banks is time
consuming: the users universally express the need for a
centralized facility from which they can locate and
acquire the bulk of the data which they require.

Agricultural remote sensing activities generally requires
a long initial period of locating, ordering, acquiring,
sorting, and registering data. These data sets contain
observations, meteorological data, agronomic data, crop
calendar data, yield data and maps. The auxiliary data
requires exiensive preparation and digitization or for-
mat alteration; the spacecraft data must be extracted

and registered pass to pass or from one imaging system
to another. The preparation of data sets has been found
by the users to be as large if not larger job than the
data analysis itself in terms of the time and money which
must be expended.

e Two key functions, applicable to ADS, which can support the
users efforts are:

a) Data Documentation - maintenance of a comprehensive
continually updated catalog 48 required. This catalog
shoutd identify Location and general content of the
data, but additionally provide indications as to the
quality of each datum.

b) Data Integration - This function entails elements of
both data set preparation and reformatting. Potential
processing operations required to convert disparate
data to a common form and scale, suitable for input to
classification schemes include:
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- multi-sensor unitemporal and multitemporal registration,
entailing the congruencing and rescaling of data of
different scale and aspect angle;

- geographic referencing;

- coordinate transformations, for example space oblique
mercator to universal transverse mercator;

- data overlay and gridding;

- mosaiéﬁng, in which adjacent swaths of space or air-
borne imaging sensors are equalized radiometrically,
congruenced, rescaled, laterally registered and
organized in a wide-area digital data file.

In summary, the principal impact of an ADS upon the users of the
Agriculture, Forestry and Rangeland Discipline would be economic, i.e.
reduction of the time and cost expenditures required by investigators
to acquire the integrated data sets they require. Performance would

also be enhanced by the improved data services offered by an ADS.

Four key functions would promote increased efficiency. In approxi-

mate priority:

® Provision of a comprehensive data catalog and directory for
auxiliary data

e Data set preparation and reformatting services to facilitate
data integration

e Centralization of data access

e Acceleration of data delivery times to support technology
demonstrations
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12.1 Description of Objectives and Content

Geodynamics combines aspects of geology, geophysics, and geo-
chemistry. An international research program in geodynamics has
grown up in the Tast twenty years mainly as a result of the formulation
of the plate tectonics model of dynamic processes. International
coordination is the responsibility of the Interunion Commission on
Geodynamics of the International Council of Scientific Unions, whose

present activities are embodied in the International Geodynamics project.

Within the United States a National Geodynamics Program was authorized
by the Earthquake Hazard Reduction Act of 1977. Under this act Congress
initiated a broad research program whose goal is to save lives and property
by developing the capability to predict earthquakes possibly eventually

to control them.

Primary responsibility for the program lies with the U.S. Geological

Survey and the National Science Foundation.

The national earthquake hazard reduction program is oriented toward
a comprehensive understanding of the dynamic processes that produce earth-
quakes. The practical objective is a prediction system based on well-
understood physical principles so that reliable estimates can be made

of the time, place, and magnitude of earthquakes.
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The objectives of OSTA's Geodynamics Discipline Program is to support
the U.S. national program in earthquake hazard reduction by studying
dynamic processes related to earthquakes; and to support the ongoing

international program of research in global geodynamics.

There are three major technology components in the OSTA's Geodynamics
Program. The first is the use of interlocking networks of
fixed and transportable laser ranging and VLBI stations to acquire
regional-scale and global-scale data on small motions of the earth's crust.
This information is of significance to basic research in global geodynamics

and for meeting the objectives of the Earthquake Hazard Reduction Program.

The second component is the development of improved space techniques
for measuring relative positions at Targe numbers of points in seismic
zones. which mav lead to much more compiete monitoring of possible crustal
movements than otherwise would be feasibie. The third is the measurement
of the earth's gravity field with sufficient accuracy to meet the needs
of both basic research in global geodynamics and applications to the

important field of physical oceanography.

Current OSTA Program

0STA's efforts comprising the Geodynamics discipline fall into four

categories of R&D activities

GD 1 Earth Dynamics

Earth Dynemics investigation employ space geodetic
technqives to imorove the understanding of the
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GD 2

dynamics of the earth through the development of
models of polar motion and earth rotation, global
tectonic plate motion, mantle convection and plate
driving mechanisms, earth's core dynamics and
solid earth tides.

Improved understanding of tectonic plate motions
and their driving mechanisms is a key element in
earthquake prediction and risk assessment. The
mechanisms which drive the plates are still poorly
understood; the continued development of con-

cepts and models to explain plate motion has
considerable scientific importance. Earth rotation
and polar motion must be accounted for in the pre-
cise position determinations that are the major
emphasis of space-related geodynamics and aiso

have an important connection to the understanding
and prediction of earthquakes. Earth tides must
also be taken into account, since they perturb the
motions of satellites. These perturbations of
spacecraft must be accurately modeled so that space-
craft can be used for making geodetic measurements

Earth Structure

Models are being developed, based on combined in-situ
and space data to improve the knowledge and under-
standing of the global structure of the earth; its
interior, crustal magnetism, gravity field anomalies
and for the evolution of the earth's 1ithosphere and
crust to map both continental and ocean bottom topo-
graphic features in order to derive lithospheric and
mantle properties.
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GD 3

To better understand the processes that are taking
place within the earth, it is necessary to obtain

a more precise description of internal earth material
and its properties such as density, viscosity and
elasticity. Space derived data can provide con-
straints on such parameters; they may also provide
information useful for the location of earth resources
such as minerals and petroleum.

Regional Crustal Deformation and Modeling

Modeling studies of crustal deformation related to the
interpretation of space laser ranging and VLBI data
are conducted to improve the understanding of fault
motion, earthquake mechanisms, intra-plate stress

and strain and subsidence and the relationship
between stresses and strains and the magnitude of
internal plate deformations and seismicity, and

the effects of regional tectonism and fluid with-
drawal on terrain subsidence. Space geodetic
techniques are used to monitor vertical and
horizontal crustal movements. Current research
effort center upon describing earthquake properties
such as rupture criteria and energy release, episodic
and steady-state creep along faults.

These activities contribute to the understanding of
the dynamic processes related to earthquakes and may
improve our knowledge of mineral resource distribu-
tions and provide valuable information on the under
standing and controlling of subsidence. They support
both the U.S. national program in earthquake hazard
reduction and the on-going national and international
programs of research in global geodynamics,
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GD 4 Geopotential:Fields

Gravity and magnetic field models are being

developed to support the other geodynamic research
activities. Improved gravity field models are

based upon high precision laser tracking data and
satellite altimetry data. High resolution global
geoid maps combining surface gravity and/or altimetry
data with the gravity ¥ield derived through satellite
tracking are being produced.

Gravity field and geoid contributes to basic under-
standing of the earth's interior structure, proper-
ties and composition; to our understanding of the
1o§ation and formation of the planet's natural
resources; and assist in the determination of
temporal variations in the sea-surface topography
related to ocean circulation and the interaction of
the earth's atmosphere with the oceans. Internal
gravity field models are used for manyv theoretical
calculations and for constructing magnetic charts
useful for navigation. Studies of its secular
variation provide clues to the structure and dyna-
mics of the earth’s core and lower mantle. The
magnetic anomaly field, together with correlative
data, can be used to model the structure and com-
position of the crust.

Near Future Program

The program's philosophy is to perform research focusing or the study
of the causes of earthquakes, with particular attention to regions where
earthquakes are 1ikely to occur; the description and explanation of tec-

tonic processes, to explain the origin of features in the earth's
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gravitational and magnetic fields; the understanding of the origin and
disposition of mineral resources, and the description and explanation

of sea state, circulation, and other oceanic features.

The research elements of the near term geodynamics program are:

o development of simple regional strain accumulation
models

o development of numerical/theoretical models of earth
rotation

o analysis of regional geodetic measurements
o plate motion model development

o surface gravity data analysis and development of
comprehensive global gravity field solutions

o systematic categorizing of world gravity anomalies

o development of global and regional ocean geoids
accurate to 10 cm over oceans,, 30 cm over
continents

o impliementation of techniques for inversion of sur-
face wave and travel time data,applications to models

o development of methods of delineating Curie
isotherm levels from heat flow and satellite
magnetic data

o feasibility studies for the gravity gradiometer

o evaluation of test site data for cryogenic gravimeter
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Principal related technology development and utilization is in the

following areas:

o mapping of the Wallops Island Flight Test Center
(WFC) with AOL and SCR

o demonstration of a cost-effective crustal defor-
mation monitoring technology in high earthquake
hazard regions

68 use of overland satellite altimetry from GEOS-3
as a systems demonstration for a selected sub-
sidence area

o field test of TLRS

o initiation of the Polaris network of fixed VLBI
observations

o development of a high accuracy analysis system
for VLBI

o Procurement of a GSP-X data set for Wallops
Island '

Future OSTA Program

The goals of the future Geodynamics Discipline Program are:

o the continued development and improvements of VLBI
and laser ranging techniques. These systems are
needed to obtain polar motion and earth rotation
data, and for determination of crustal movement,
These data will be applied to studies of plate
stability and to the refinement of plate tectonic
models. Developed technology will be transferred
to the National Ocean Survey

o 1improved interpretation of geopotential

12-7



o the development and use of fixed mobile VLBI and
laser ranging techniques, These are needed for
improved determination of crustal movement defor-
mation and strain

o continued refinement of magnetic and gravity models

Figure 12.1 presents a graphic synopsis of OSTA's Geodynamics Dis-

cipline Program.

The first portion of the Figure reflects the space missions,
current and projected, whose data products support the Program. Sub-
sequent portion and continuation sheet vreflects the Program's endea-

vors for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

12.2 Relationships between Data Services and the Geodynamics Discipline

Figure 12.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are immediate
information products derived from sensor measurements, elaborated via
the application of appropriate algorithms. For example, land elevation
information derives from remote altimetry data elaborated statistically
in conjunction with orbital parameters, atmospheric index of refraction,

sensor calibration data.

12-8




FIGURE 12.1
GEODYNAMICS DISCIPLINE TIMELIMNE

OSTA MISSIONS

78 k&) €0 8l 82 83 84 85 8 87 ] gl
[ LANDSAT —

| 0ERS

{ STEREDSAT

{ NeSS

| MAGNETIC ]
[suRveY saTELLITE-R  §

AAANA
TETHERE D TA

METER
EARTH GRAVITY )
SURVEY-A {

MAGSAT

SAUTTLE
LALTL. |
j@———VIBI SYSTEM IMPROVEMENTS ————ae]

i N !
e HEXT GENERATICH GL’.’E’AL—-—-——*,
' POS., SYSTEM™

[+ POLARIS mmmm o= e == = o}
[Cacens ]

12-9




FIGURE 12.1

GEODYNAMICS DISCIPLINE TIMELINE

N &DACTIVITIES

REGIONAL CRUSTAL DEFORMATION AND MODELING

78 79 €0 81 82 £3 ;3 85 es 87 es 89 0
[N o)
» EARTH DYNAMICS ‘ o]
1l EARTH ROTATION .
}’—-’;éssss'ﬁmlMDELS——“]"II"I!"lllll“ll||!E!!l!l!!!l!m"m“I!ll"ll|!l|l||""l"lll"lllll"
142 WHOLE EARTH AND OCEAN . MODEI. JMPROVEMENT 4
! TIDES ASSESSMENT MODELS L b
206 PLATE STABILITY e wm ovs om con com e an o o oo s oo o o o e s o o]
1+6 REFINEMENT OF PLATE TECTONICS MOTELS eve cue e oo s e s oo ot st e 0w s e cmnp
6 PREPARE CENDYNAMICS DATA SETS FROM OLIER K] UPDATE DATA SETS FROM
HASA SATELLITES i MEVWER SATELLITES
EARTH STRUCTURE -
4 ELINEA-
TICH 0F THE cuURiE
PEPTH
-
5.6 GLOBAL
CECPHYSICAL ATLAS
5 COMBINCD GEOLOGIC/
: b GEOPHYSICAL ATLAS

2 t—‘———— CORRELATIVE STUZIES WITH rAGNETIC & GRAVITY DATA

2 Le—— REGZONAL SUBSTTENCE ——q
3 GEOVETIC TECH. TRAISFER
HLHTE A HA LR M L L HHE L
i12:6 L———- PEGIONAL NEFORMATION IN SEISMICALLY ACTIVE ZONES » == wmmm o s cm s o com oom o o
1,5 WARNING S
t!‘!!!'m'"!!i!!!ll!!!I!!!lIl!l!!lil!IIlIIlIllllllllI 11]
6 PREPAPE EODYNAMICS DATA SETS FROM OLIER 1 UPDATE PATA SETS FROM
P NASA SATELLITE MEVER SATELLITES
| |
< GEOPOTENTIAL FIELDS " >
245- GRAVITY AMOMALY REFINE GRAVITY MAPS
A3 N .
i )
2
2 b VEVELOP & IMPROVE GEOPOTENTIAL MODELS -

REFERENCES s

1) APPLICATION OF SPACE TECHHOLOGY TO CRUSTAL AND EARTHQUAKE PESEARCH: (978
2) CEODYNAMICS PROGRAM RESEARCH PLAM, 1OTD

3) NASA GEODYNAMICS PROGRAM SUB-PROGRAM PLAND REVISED APRIL 78.
4) LASER GEODYNAMICS SATELLITE (LAGECS) A.0. NO. CSTA 70-2» 1078

5) PROGRAM SCIENTIST CONFIRMATICH
6) FESOURCE CSSERVATION 5 YEAR PLAN: FY 19B81-85 PRESENTATIONS TO MASA PLANNING COUNCILs 1979

12-10

N S W N -

~ O

LEGEND

Fiight Mission ————
Pregram Emchasis [ e e |
R2D Activity f—om—
Cantinuin? ACtivitY — o

Terhnology Transfer i
(Pitot/asplication Tests E£ec.)

Ehorl Term Event A
Initial Overational Cavedstity O
AV} Investization Clasces I3



97

“YA/SLI0 9

"YA/SY3n10

18

0651

“YA7SIOVHI

Svv

YA/S3dvL

st

"YA/SLIE D

Ll
|l
'
'
'

"YA/SY3HL0

5861

11:]

'

1

[}
9
It
«

RIVAERHIN

6y

R T VAETA

LT

‘BA/SLIO D

“UA/SUEHLIO

O%IJ

“YA/SITVL

Ly

EA/S3VL

SIVLOL

hU-JQOGhL

SLTSRCCEJ

SCY

[¥X)

1§74 /el

187A/33S9

4dd/SSON

JCSSH

SNNYR vYAvVa

NOTIVATI3 33¥44nS v3s

NOILWAZT3 Ch1

S3UNLY24 IQVIUNS YYENIT

SOT1312 Z11TtEv |

NCILOM ¥YICd

Q0I¥2d ROILIVIOY Hivy3

(]
(]

o

SOTSId ALIAYO |

ISRVED KLIONET SHITISVS |

YILIWOIOWIY

ALIAYYD

1y
nL
SYW

340353731
0243LS

i

YIL2HOIOTD
ALIAYYD

QY

L

JTLLINHS] YILIWOL INOYH

19

g LYSA

X340L

S¥30

8 LYSOW| Y3 LIHOLINIYW

1vS03¥31S

SSON

Y 1YSAYYY

¥ 1YSOVI] YILIHOLINIVIH

JA

0904} ¥3LIWOLINOYH

$039

W3LSAS

INIONVY ¥3SYT

>

EIRNNEIL R

WILSAS
0L 3LiN3LYs

INDIIWIL

SH3LSAS
IT7A

ANITANOSIA SAAHMTNYNACOZD

SUZLISWMY LTI

‘SLONOOYd VLAVYVA IDVYVLS HOLA SANIWIUNINTIY HIASN

¢’¢l JN9IA

12-11



NASA users in the Geodynamics Discipline are in the process of
developing such algorithms. For this purpose, they wish to receive

raw space data, augmented by the auxiliary data summarized in Table 12.1.

The volume of required space data remains steady throughout the
1980-1990 decade, at approximately 15 Gigabits/year. The volume re-
quired of auxiliary data, from Table 12.1, is approximately one half

that of the space data.

From Figure 12.1, OSTA's program is devoted to both research
and technology transfer efforts throughout the 1980-1990 decade.
Table12.2 shows that the acceptable time lapse of data delivery for

research activities is of order one to three months.

Technology transfer activities could acquire two forms: 1) al-
gorithms and models developed by NASA researchers are tested by other
federal agencies upon their facilities, in this case NOAA's; or
2) they are tested on NASA facilities with participation from sister

agency personnel.

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. This is

the mode envisioned for the Geodynamics Discipline Program.

ADS data transfer requirements can be satiafied by a service of

data rate comparable to that of the U.S. mail.

The sTow data delivery requirements do not necessarily connote

that electronic linkages are nol desirable. They simply indicate
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SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: GEODYNAMICS

TABLE 12,2

(OBSERVATIONS)

R % D ACTIVITY
U
[om)
—t
-t s
w < O —
(7] [=4 - = [T
©w P ] v <
- - = . -
b = G882 =
= o —— —
e - —_ - ) by
« [%3 <L <L L Ll
g ol =] -
o~ ey SO o
b= = — O o
e (24 [ NP <
p=d < L L) (o)
w d [sas) w0
REQUIREMENTS GNI GD2 GD3 GM
Horizontal Pesolution (KM)
Minimum 100 100 0.02 200
Maximum 200 300 500 500
Iodal - 200 200 200-500
Vertical Resolution (KM)
Minimum N.A. N.A. N.A. N.A.
Maximum N.A. N.A. N.AL N.A.
Modal N.A. N.A. N.A. N.A.
Freguency
tinimum 1 Year | 1 Year 1 Year 1 Year
Maximum 1 Year | 1 Year 4 Yks. 4 ks, .
Modal 1 Year | 1 Year 1 Year 1 Year
pata Delivery
Research Investigations 4 Vks. 3 Months | 4 Hks. 4 Vks.
Technology Trans¥er HoE. H.A. N.A. N.A.
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TABLE 12.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: GEODYNAMICS
(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS 601 GD? GD3 GD4

Format Space Geodetic Data
(VLBI and Laser Ranging
Data) in a Computer Com-
patible Form . .

Format Satellite Derived
Gravity Field Data in a
Computer Compatible Dorm ° , .

Provida Interactive Ceniral
Storage and Retrieval
System for Spane Gendetic
Cata and Anciilany Data
Including Cataloq and
Dictionary Services ° . .

Provide Space Goodetic
Data Within 3 to 6
Months after Collection . .

Display €orrelative Data
in a Format Comnatible
with tha% used for
Satellite Derived
Gravity and Magnoetic
Field Data .

Provide the Capahility
tor Investigators o
pertorm Interactive Data
Processing in a hata
Service Computer via a
Remote Terminal,
Including Graphics '
Display Capahility and i
Access to Standard
Algorithms for Tvpical
Processing .




SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: GEBDDYNAMICS

(STANDARD ALGORITHMS)

TABLE 12.2 (cont'd)

R & D ACTIVITY

REQUIREMENTS

N

GD2

GN2

GD4

Time Series Analysis

Data Inversions

L]

Spectral Analysis

L

o

Gravity Field Modals

Magnetic Field Models
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that the choice of the Tink is driven by economic cost-effectiveness
rather than by technical urgency. For example, a plausible ADS scenario
may well incorporate a centralized accounting, scheduling and data
traffic monitoring facility; which maintains track of expenditures on
the part of the users, supplies them budgetary estimates, advises them
of impending depletion of project funds. Further analysis might reveal
that such centralized management function can be performed more cost-
effectively through use of electronic data links than through other

conventional alternatives; quite apart from considerations of speed.

As a gross sizing of the "electronic 1ink" alternative, the cor-
responding transfer requirements are such as to engage the eqguivalent
of approximately 3 data links of 1,200 bps capacity each, operating on

a one shift, normal work week basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Table 12.2 and 12.3 permits the inference that user
services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will not impose significant technological
requirements upon ADS. This is because relatively Tow spatial resolu-

tions are adequate to satisfy the users.




TABLE 12.3

DATA SERVICE REQUIREMENTS FOR THE
GEODYNAMICS DISCIPLINE

REGIONAL
CRUSTAL
DEFORMATION
EARTH EARTH AND GEOPOTENTIAL|
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e
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w
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‘.:'E Scale Conversion
>
) Data Segment
s Preparation
2
: Data Set [ ] ® ® [ ]
] Preparation
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Single-Source [ ] o
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Users need to have available approximately 5 significant types of
algorithms, Table 12.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar de-
velopment of these algorithms to their routine use--after the necessary

confidence resulting from high "batting averages" will have been achieved.

Such an evolutionary development would open the ADS to the oppor-
tunity of providing a ceniralized algorithm processing function. Al-
gorithms which reach fruition would be transferred to this function
for conventional provessing: the researcher would retain the function

of developing the newer generations of algorithms.

12.3 Implications of ADS on the Geodynamics Discipline

The analysis of user requirements for the Geodynamics Discipline
results in the following data-related points:

o The major portion of the data produced by 0STA's Geodynamics
Program is unique to the ADS concept, in that it uses
ground-based VLBI and Laser Ranging instrumentation operated
by geodynamics researchers. Time from data acauisition by the
experimenter to delivery to the data users typically requires
up to 9 months. The genlogy/geodynamics panel of the data
system workshop indicates that this data turnaround time is
excessive, and that it adversely impacts the pace of research
efforts. The panel stated that a 30 day turnaround time is
desirable for the efficient operations of most users.

o The panel suggests that consideration be given to establishing
a special Geoscience Information Network as part of ADS. The
network should be of the decentralized type and interconnect
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principal geodynamics investigators by remote "smart" terminals.
It is expected that establishment of such a network would en-
courage the exchange and sharing'of information and signifi-
cant]y'iMpkove data turnaround times, as well as optimize the
costs of handling and processing geodynamics data.

Data cost is not a major "driver" for improving data services in
the Geodynamics Discipline area.

Geodynamics data are located in a variety of public and private
archives. There is no one single point of contact from which to
determine what data is available and the proper mechanism for
its acquisition.

The most imporntant function identified by usens forn an ADS is
the inventorying of all the various sets of earth science space
satellite and aircrnaft data collected by NASA and the prepara-
Lion of an electronic catalog. 0F primary imporntance, the
catalog must contain comprehensive data descriiptions and include
at Least geognaphic Location, type, dates, collecting/holding
agency, scale, and sensing system.

Geodynamics data are available in a variety of formats which
require coregistration. Much of this diversity in format is
attributed to the current absence of any format standards in
the geodynamic field. Proliferation of different formats
unnecessarily increases overhead related to reformatting by
both investigators and data systems.

ADS could significantly impact this problem in two ways; 1) by
limiting the proliferation of varying data formats to those
necessitated by efficiency or by compatibility with existing
systems, and 2) by providing reformatting services for existing
data.
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o Geodynamics research often involves the measurement of very
minute differences of parameters over temporal and spatial
baselines that are larger than the measurements sought by
factors of 106 to 107. Researchers exeamining these minute
relative changes must be capable of verifying that observed
changes are due to changes in the earth and not due to varia-
tions of sensor types, calibration, data reduction or models
employed to account for known factors (e.g., earth tides).
Current data banks do not typically provide adequate docu-

- mentation to permit cross-investigation comparisons and vali-
dations.

o A geodynamics data archive should be developed and maintained.
It should include sufficient information concerning data col-

- lection and calibration procedures to ascertain any data's
pedigree. The pedigree should include the instrument type(s), °
calibration information (value and time of last calibration),
validation(s) performed, compression or reduction techniques
used, and models of numerical techniques emploved to derive
that datum or the parent data from which that datum was derived.

This information wonld not only aid present onaoing studies,
but serve valuable historical and correlative purposes as new
techniques and procedures come onlire.

In summary, the principal impact of an ADS upon the users of the
Geodynamics Discipline would be enhancement of researcher performance

and reduction of costs related to data acquisition and reformatting.

N
Key functions would promote increased efficiency. In approximate

priority:
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Comprehensive data catalog with data pedigree information

Establishment and maintenance of an interactive decentralized
geoscience data network

Standardization of geodynamics data formats
Reformatting services

Reduction of data turnaround time by a factor of 6 or better.
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13.1 Description of Objectives and Content

The principal role of land use planning rests currently with local
agencies -~ States, Counties, Municipalities. Principal applications of
land use information to support the formulation of regulations and ord-
nances aimed at optimal usage of the land, e.g., zoning, and as a basic
tool for projecting the evolution of the land resource and the corres-

ponding management policies,

The Federal Government's role in land management activities falls
into three distinct areas: 1) land use planning on federally owned
lands; 2) activities of the various federal agencies that impact land
use; and 3) federal programs that attempt to provide guidelines to

state and local land use planning.

Principal responsibility for administering 61% of all Federal
lands resides with the Department of Interior's Bureau of Land Manage-
ment. The remaining 39% is managed by USDA's ?orest Service. Each of
these agencies conduct a broad program of land resources monitoring and

assessment activities.

0STA's Land Use Disciplire Program is structured to support and
augment Federal, State, and local land resources analysis and management
programs by fostering the incorporation of space acquired data. Due to
the diversity and complex interrelationships between land use, land cover

and Tand resources this is accomplished through a basic SR & T program
designed to develop the capabilities to inventory, analyze, and assess the

level of human use of land at various spatial scales and at the repeti-

tive cycle required to meet the needs of diverse land reseurce planning,
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management, regulation and research personnel.

Land Use discipline activities are targeted to develop satellite
multispectral and multitemporal classification techniques that can
compensate for efforts associated with Tow resolution space data and also
to accommodate space-acquired data with improved spatial resolution

(15-30 m or less) as it becomes available.

0STA's Land Use Discipline Program anticipates the effective
demonstration of the research feasibility of employing change detection
techniques which utilize remotely sensed data as an integral data source
in the near future to include: image differencing, principal components

differencing, and classification differencing.

Current OSTA Program

0STA's efforts in Land Use fall into four categories of R&D Activities:

LU 1 Land Use/Cover Classification

The spectral, spatial and temporal characteristics of
selected land resources targets in various geographical
regions are examined with existing and newly acquired
remotely sensed data and corresponding ground data sets.
The selection of targets and target characteristics to be
evaluated is based in part on the research needs evident
from the recent user needs/design reaquirements studies, e.g.,
operational earth resources satellite (OERS) and integrated
remote sensing system study (IRS3). Landsat-3 RBV digital
data is processed when available and is analyzed for land
cover information derived from the Landsat MSS data. A

key goal is to evaluate and investigate the use of remotely
sensed parameters for discriminating urban versus non-urban
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Ly 2

land cover in the urban fringe zone to aid the Census
Bureau to periodically update or delineate urban expansion.

The significance is that Tand cover and land use information
is central to all Tand resource applications. The relative
rapidity of the dynamic changes in land use occuring in the
coastal urban and suburban regions make them promising candi-
dates for repetitive remote sensing assessment of land use
and land cover. Typical of the important federal mandated
programs supported by this effort, is the Bureau of Census'
requirements for updated delineation of the standard metro-
politan statistical area (SMSA's). Recent legislation and
requirements of several federal and state funding programs
has increased the need for more frequent updates of selected
demographic variables. Remote sensing promises to be an
effective tool for monitoring the 300 urbanized areas in the
U.S. during the period 1980-1985.

Remote Sensing Input to Geobased Information Systems

Automated data bases are being developed for selected study
sites located in an expanding urban fringe area. Software
is being written to automate the integration of Landsat
data with the other resource data in the data base. The
integrated data will be used to assist in the detection

of urban expansion. Map products are produced to display
the spatial extent of urbean growth. Statistics which
quantify urban expansion and the resultant agricultural
land losses are derived.

Increasingly, the diverse data types required for compre-
hensive land resource investigations are being converted to
digital formats and input to automated, geographically
referenced data bases for efficient storage, retrieval,
manipulation, analysis and display. Developing the ability
to efficiently integrate Landsat data with other spatial
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LU 3

LU 4

Tand resource information will increase the availability
and timeliness of information required for assessing the
impact of urban expansion on critical agricultural lands.
The use of these source data and derived information to
develop a predictive urban land use change model can pro-
vide valuable input to policy decisions affecting agricul-
tural land preservation.

Land Use-Cover Change Detection

Improvements in the capability to detect land use/land
cover change for land resource surveys are being invest-
gated through the use of remotely sensed data, including
image differencing, classification differencing, multitem-
poral classification, and principal component transformation.

The basic information interest of planning and management
agencies is the change of a Tand use/land cover category,
e.g. the rapid urban expansion into vacant or agricultural
Tands is important to agencies such as the Bureau of the
Census, Department of Agriculture and planning agencies at
the state and Tocal government levels. Remotely sensed

data when used multitemporally provide a timely, repetitive,
standarized and synoptic data source for detecting land usé
change.

Land Resources Modeling

Deterministic predictive land resource models are developed
based upon theoretic economic and sociologic constraints
using Landsat data to test various models of change. The
applicability of satellite data to the verification of model
prediction is evaluated. The use of statistical techniques
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to predict the future spatial extent of urban growth
is investigated.

Satellite remote sensing offers significant potential for
collecting several types of the generally "stable" input
parameters for Tand capability models. In addition to
"stable" physical parameters, inputs to suitability models
often include dynamic land use parameters, for which satellite
and aircraft remote sensing is especially well suited.
Satellite remote sensing also offers the potential for pro-
viding the dynamic temporal element necessary for evaluating
and extrapolating from present land resource trends. The
ability to identify accurately predetermined T1and cover/land
use changes in a spatial context adds greatly to the planning
process. The ability to predict possible changes in syétem
structure and assess the possible impact of varied decisions
through the generation of numerous scenarios provides planners
with an added and substantial capability.

Near Future OSTA Program

At the present time, OSTA is supporting several information systems
research, pilot tests, and technology transfer projects. These include
the Texas Natural Resource Information System (TNRIS) Application System
Verification Test (ASVT) at JSC; California Integrated Resource Informa-
tion System (CIRIS) ASVT at ARC; Census Application Pilot Test (APT) at
GSFC; Navajo APT at ERL; and work on improving NASA large area Landsat
mosa1$§ng capability being conducted at JPL. These projects have trans-
ferred proven manual techniques for direct digitization of rectified

classified Landsat data; examined research topics on accuracy of
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registration technique; and developed point to polygon and polygon to
point conversion software for efficient manipulation of Landsat with
other data. Accurate and efficient manipulation of classified Landsat
data in digital form in an information system should effectively be

demonstrated by 1983.

The U.S. Bureau of Census and NASA are presently conducting a
Census Urbanized Area Applications Pilot Test (APT) project designed
to evaluate the utility of Landsat digital data for providing rapid,
cost-effective delineation of urbanized boundaries. Several approaches
to data formatting and manipulation are being assessed including the
potential applications of combining Landsat and ancillary data to
enchance output products, provide area statistical summaries, and allow
for spatial and statistical analysis within the context of an automatic

geographic information system.

Future OSTA Program

By 1990, the OSTA's Land Resources Discipline Program is antici-
pated to have developed spaceborne remote sensing capabilities exhibiting
a high level of radiometric and geometric fidelity in the visible, near
infrared, and thermal portions of the electromagnetic spectrum so that
these data can be supplied in a routine fashion to agencies with land
resources management, inventory, regulation, and planning responsibili-
ties. The applications of active microwave remote sensing techniques

for land resource research will have been demonstrated from space, with
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a spaceborne active - microwave data system being established in a research

mode by 1990. Key milestone of the Future Program are:

] Initiation of multi-area land use inventory demonstrations

° Operational demonstration of high accuracy (USGA,
Anderson) satellite derived Level I and II land cover
map products

° Operational demonstration of direct digital data input
and efficient interaction with other digital data within
a geobased information system

(] Development of predictive land use models which possess
a high level of versatility with regard to both inputs
and geographical area

° Pilot tests to demonstrate the operational utility of
OSTA developed predictive land use model

Figure 13.1 presents a graphic synopsis of 0STA's Land Use

Discipline Program.

The first portion of the Figure reflects the space missions,
current and projected, whose data products support the Program. The
subsequent portion and continuation sheets reflects the Program's

endeavors for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

13.2 Relationships between Data Services and the Land Use Discipline

Figure 13.2 summarizes the requirements for data products expressed

by the users.
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FIGURE 13.1 (cont'd)
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FIGURE 13.1
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FIGURE 13.2

USER REQUIREMENTS FOR SPACE DATA PRODUCTS,
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Users are interested in obtaining parameters. These are inter-
mediate information products derived from sensor measurements, elaborated
via the application of arpropriate algorithms. For example, soil mois-
ture information derives from remotely sensed radiance data, elaborated
in conjunction with surface emmissivity, atmospheric absorption, sensor
calibration data, auxiliary data and models to relate surface humidity

to subsurface moisture profile.

Apparent exceptions to the desire for parameters are the two
requirements for "multispectral land cover reflectance" and "surface
texture features". The reason is that the parameters needed in land
use are so diverse -- e.g., cropland, feedlots, suburban, built-up --
and so variable among localés -- e.g., large and/or small farmsteads,
Tow to high density suburban, forest, shrub, tundra -- that their speci-
fication for all classes and all Tocales is near to impossible; it
would require knowledge of all user's desires -- federal, state, local,

municipal, private -- and prediction of the evolution of these desires.

Land Use Discipline users thus prefer to receive good multi-
spectral reflectance and textural data -- which form the core of
remotely sensed data for this discipline -- and elaborate the appro-
priate algorithms case by case in response to the needs of each

application.
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NASA users in the Land Use Discipline are in the process of
developing such algorithms. For this purpose, they wish to receive

raw space data, augmented by the auxiliary data summarized in Table 13.1.

The volume of required space data shows a moderate increase through
the 1980-1990 decade, from approximately 35 to 55 Gigabits/year. The
volume required of auxiliary data, from Table 13.1, is approximately

one half that of the space data.

From Figure 13.1, OSTA's program is devoted to both research and
technology transfer efforts throughout the 1980-1990 decade. Table 13.2
shows in either case the corresponding acceptable time lapse of data

delivery is of order one month.

Thus, ADS data transfer requirements can be satisfied by a

service of data rate comparable to that of the U.S. mail.

The slow data delivery requirements do not necessarily connote
that electronic linkages are not desirable. They simple indicate that
the choice of the link is driven by economic cost-effectiveness rather
than by technical urgency. For example, a plausible ADS scenario may
well incorporate a centralized accounting, scheduling and data traffic
monitoring facility; which maintains track of expenditures on the part
of the users, supplies them budgetary estimates, advises them of impend-
ing depletion of project funds. Further analysis might reveal that such

centralized management function can be performed more cost-effectively
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TABLE 13.2
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: LAND USE

(OBSERVATIONS)
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RFQUIREMINIS Ll Ly 2 tu 2 LU 4
Horizontal Reeolution (304)
Minimum 0.03 0.03 0.03 0.03
Maximum 0.1 0.1 0.1 0.1
Hodal 0.03-0.1 0.03-0.1{ 0.2-0.1 0.2-0.:
! Vertical Rescution (KH)
Kinimum ' N.A. N.A. N.A. N.A.
Maximum N.A. N.A. N.A. N.A.
Moda) N.A. N.A. N.AL N.A.
Fregquency
Minimum 6 Months 1 Year 1 Year 6 Months
Maximum 6 Months 2 Months - -
Modal 6 Months 2-12 Months - -
Data Delivery
Research Investications 4 Weeks 4 Weeks 4 Weeks 4 Weeks
Technology Transfer 4 Weeks 4 Weeks 4 Veeks 4 Weeks
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TABLE 13.2 (cont'd)
SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: LAND USE

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS

b —

Lu 1

Lu. 2

LU 3

4

Ly 4

Georeferenced Satellite Data
Products

Multisensor Data Merging for
Pattern Recognition

Multitemporal Datd Merging
for Improved Discrimination

Provide Auxiliary Data In a
Computer Compatible Form

Multisource Data Management
System for Storing, Retrieving,
Manipulating, Analyzing and
Displaying Multisource Geobased
Information Via Remote Terminal

(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS

LU 1

LU. 2

LU 3

LU ¢

Multispectral Pattern
Recognition Schemes

Land Use Change Models

Predictive Model for- Urban
Sprawl
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through use of electronic data 1inks than through other conventional

alternatives; quite apart from considerations of speed.

As a gross sizing of the "electronic 1ink" alternative, the
corresponding transfer requirements are such as to engage the equiva-
lent of approximately 6 data 1inks of 1,200 bps capacity each, operat-

ing on a one shift, normal work week basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite 1inks whenever transfer distance

exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Tables 13.2 and 13.3 permits the inference that user
services related to imagery manipulation -- e.g. geocoding, superposi-
tion of formats, gridding -- will impose significant technological
requirements upon ADS. This is because quite high spatial resolutions

are needed to satisfy the users.

Users need to have available approximately 3 significant types of
algorithms, Table 13.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar
development of these algorithms to their routine use -- after the
necessary confidence resulting from high "batting averages" will have

been achieved.
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TABLE 13.3

DATA SERVICE REQUIREMENTS FOR THE
LAND USE DISCIPLINE

REMOTE
SENSING
DATA INPUT LAND USE/
LAND USE/ TO GEOBASED| COVER - - LAND -
COVER INFORMATION| CHANGE RESOURCES
CLASSIFICATION|SYSTEMS DETECTION MODELING
2
«©° Data Catalog [ | o | ] | ]
:E Data Dictionary L] | [ ] []
Og Computer Search [ J ® [
]
Q .
qz2 Quality Control
FE
<5 Data Sorting | "] ™ ™
e}
w
o Form Conversion [ ] [ ] o [
:E Code Conversion
o" Coordinate
u.: Conversion
:E Scale Conversion a [ ] [ ] | ]
: Data Segment || » - [ ]
e Preparation
2
" Data Set
" : ] ° ] °
] Preparation
q
Single-Source
Multi-temporal e L] L L
Data Registration
2 Single-Source L J o [ ] ®
9 Multi-temporal
I Data Merging
q
-3 Multi-Source L] [ ] [ ] ®
[C] Uni-temporal
w Data Regis-
bz- tration
~ | Multi-Source Uni [ ] [ ] o [ ]
q temporal Data
: Merging
o Data Gridding
Data Overlay ® ® = ®
Image Mosaicing o [ ] ® [ J
< Radiometric L] L
dy Correction L]
sgu Geometric [ ] - - s
cel Correction
wewl Other
[
- & Data Archiving
2
q0
QE Data Delivary
i
-4
w
I
b
(o]

a High Value Data Service
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Such an evolutionary development would open the ADS to the
opportunity of providing a centralized algorithm processing function.
Algorithms which reach fruition would be transferred to this function
for conventional processing: the researcher would retain the function

of developing the newer generations of algorithms.

13.3 Implications of ADS on the Land Use Discipline

The analysis of user requirements for the Land Use Discipline results

in the following data-related findings:

o Current delivery of space data are of order two to four weeks.
They are adequate to support all OSTA land use investigators.

® Space product costs are not a significant concern of OSTA land
use investigators.

@ A key conclusion of the Data Systems Workshop's Land Resources
Panel was that land use investigators need to gather data with
greater efficiency. Currently, investigators gather these from
a wide variety of basically unarchived and unannotated sources.
Dealing with a variety of data banks is time consuming: users
universally express the need for a centralized facility from
which they can locate and acquire the bulk of the needed data.
An important aspect of such a service is provision of a standard
annotated catalog and dictionary: indicating what data are
available, their characteristics, and location. Another major
function of the service would be provision of unified standard
procedures for ordering and acquiring data, thus eliminating
the need for users to familiarize themselves with a multitude
of data ordering procedures.

o Considerable cost savings could result from providing a quick
Took service to reduce the ordering of nonoptimal data sets.
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This service should include space image products and key
auxiliary data products, e.g. aircraft imagery.

Currently each investigator develops and applies his own al-
gorithms to perform a variety of processing functions e.qg.
radiometric and geometric correction, coordinate transforma-
tion. These functions are required by all land use investi-
gators.

Their standardization would be a universally accepted benefit
to OSTA users and to the land use community at large.

Land use researchers indicate that land cover classification
accuracy increases when integrated multitemporal and multi-
sensor cata is used (e.g. Landsat MSS and Seasat SAR). Data
menging and Anteghation is probably the most time consuming
data handfing efement currently experienced by investigatons
outside of data analysis. The data/image transformation ser-
vices required entail elements of both data set preparation
and reformatting. Potential processing operations required

to convert disparate data to a common form and scale, su1tab1e
for input to classification schemes include

a) multi-sensor, unitemporal and multitemporal registra-
tion, entailing the congruencing and rescaling of data
of different scale and aspect angles;

b) geographic referencing;

c) coordinate transformations, for example space oblique
mercator to universal transverse mercator;

d) data overlay and gridding;

e) mosaicing, in which adjacent swaths of space or airborne
imaging sensors are equalized radiometrically, congru-
enced, rescaled, laterally registered, and organized in
a wide-area digital data file.
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o The availability of different image classification schemes
from a centralized facility would enhance the performance
of land cover, land use and land use projection procedures.
The various classification algorithms and procedures should
be carefully annotated as to input requirements, utility and
be provided with appropriate caveats as to applicability,
time to process and expected performance accuracies. An in-
teractive user training capability would probably have to be
provided. The facility would have to maintain continuous up-
dates on classification and algorithms and process online.

e The maintenance of an archive of OSTA intermediate and final
processed land use products is a significant service in sup-
port of the Land Use Discipline. Products within this archive
should be appropriately annotated for retrieval and cross-re-
ferenced by geographic area, region and date. This service is
directly related to land use change detection investigation

and provides ready access to previous land use classifications.

The cost effectiveness of this archive of space-based land use
products would prove to be invaluable to both internal re-
searchers as well as the external user community. The cross-
discipline wtility of this archive of Land cover and Land use
products could prove o be a majorn benefit of an improved
data service.

In summary, the principal impact of an ADS upon the users of the
Land Use Discipline would be economic, i.e. a significant reduction in
the time and cost expenditures currently required by the researcher to
acquire the integrated data sets they require, and enhanced researcher
performance, i.e. standardization of data access and handling elements

common to all land use investigators.
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Five key functions would promote increased efficiency. In approximate

priority:

o Comprehensive data catalog of satellite remotely
sensed and auxiliary data

e Establishment of a centralized facility for the order
and acquisition of auxiliary data

e Data merging and integration services

e Standardization of radiometric correction, geometric
correction, coordinate transformation and image classifi-
cation schemes

e Establishment of an archive for OSTA developed information
products to support multiple investigations and to provide
data feedback and as an historical data base for the general
land use research community.
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14,1 Description of Objectives and Content

The U.S. Geologic Survey is the Federal agency responsible for the
collection, assessment and distribution of data and information per-
taining to Non-Renewable Resources, e.g. fuels and minerals. These
USGS information services are important to exploration, development

and exploitation of these resources.

0STA's Non-Renewable Resources Discipline Program supports the
data collection and assessment activities of the USGS and other users
of non-renewable resources information with a program directed toward
the development of space technology and the conduct of related research
to increase the effectiveness, the exploration, development and management

of non-renewable resources on a global scale.

A committee drawn from the geologic user community, known as the
Geosat Committee, concluded in a recent workshop report (Henderson and
Swann, 1976), that the capability for low-cost, repetitive multispectral
surveillance is of great potential value for developing resource pro-
perties; and for increasing production, once valuable minerals or oil
have been discovered. A National Academy of Sciences (NAS) Panel on
Extractable Resources recommended the development and test of sensors
to cover the full spectrum of anticipated non-renewable resource indica-
tors, and the provision of continuous synoptic imagery plus the option

of high resolution imagery of selected targets.
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The objectives of OSTA's Non-Renewable Resources Discipline Program
are to:

e increase knowledge and understanding of regionai
subsurface structure and composition to facilitate
the assessment of potentially valuable non-renewable
resources lying therein;

o develop remote sensing techniques to aid local non-
renewable resource exploration;

e develop methods and techniques to assist increasing
the production and yield of valuable minerals and
fuels after their discovery

Current OSTA Program

0STA's efforts comprising the Non-Renewable Resources Discipline
Program fall into five categories of R&D activities:
NR 1 Lithologic Assessment

Research in the use of spectral imagery from satellites
to distinguish exposed rock types. These objectives are
to: 1) determine and demonstrate the usefulness of IR
and thermal IR spectral properties of surface materials
for discriminating rock types; 2) determine in-situ the
spectral signature of a variety of rocks; 3) determine
the improvement in rock discrimination from combining
in situ with spectral reflectance data; 4) determine
usefulness of multispectral thermal IR for rock type
discrimination based on the reststrahien effect; 5)
determine accuracy and utility of thermal inertia cal-
culations under a variety of conditions; 6) evaluate
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NR 2

NR 3

capability to discriminate and identify rock types using
advanced narrow band IR imaging systems; 7) evaluate the
potential and capability of imaging radar sensors for
geologic mapping; 8) assess the synergism of combining
multispectral multipolarization radar data with other
types of remote sensing data obtained in different
regions of the electromagnetic spectrum (i.e., IR,
visible, thermal IR)}.

The type of exposed rock can be a significant indirect
indicator of underlying mineral deposits. Mapping of
lineaments and lithologies is used for regional tectonic,
stratigraphic and sedimentologic assessments preceding
prospecting for mineral and pertroleum deposits.

Geobotanic Mineral Exploration

Investigation of multiple wavebands and sensor types
for evaluating geobotanical anomalies and for identi-
fying specific rock lithologies to establish where in
the electromagnetic spectrum changes in plant bio-
chemistry and physiology induced by geologic factors
can be detected.

Since developed areas have already been explored more
thoroughly than remoter regions, and because desert
regions display detectable outcrops, it is likely that
most of the world's remaining mineral resources are
hidden beneath vegetation. The vegetation's type,
state of development and health can be an indicator
of underlying mineral deposits

Geophysics/Resources Emplacement Evaluation

Development of techniques to utilize Landsat, Aero-
magnetics, gravity and auxiliary geological data in
the preparation of "probable value maps", to develop
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more efficient reconnaissance techniques for the high
risk early phases of mineral exploration programs.

The increasing scarcity of mineral and energy resources
in the United States and the world necessitates the
development of ever more efficient exploration techni-
ques. Key to these is improving the "batting average"
of the reconnaissance programs.

NR 4 Geologic Structure Assessment

Development and testing of procedures for investigating
major geologic features by multivariate statistical
analyses of multiple data (20 or more).

Traditional geological investigations using remotely
sensed data have generally been restrictive because
they have utilized only one or two data sets, primarily
satellite multispectral data. Best exploitation of
orbital multispectral data is expected to result from
its combination with multiple other data.

NR 5 Engineering Geology

Development of techniques for merging remotely sensed
data with in-situ measurements to assess characteristics
of geotechnical structures important to large scale
engineering applications.

The cost of obtaining geotechnical information by
conventional means is very high., Bid costs for
construction are higher because of incomplete know-
ledge on the part of construction companies. Im-
proved information will lead to lower product costs.
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Near Future Program

The major thrust of the near term Non-Renewable Resources
Discipline Program will aim at 1ithologic assessment. It will
focus on: 1) initiation of geologic fluorescence studies; and
2) initiation of studies of chemical weathering of rocks in arid

regions.

On going projects in geobotanical mineral exploration will be
strengthened through investigations into the fundamental relationships

of geobotany.

A Stereosat study is planned to validate user vequirements, investi-
gate technology options, and synthesize system definitions and cost. A
study is planned to determine how the SIR-A radar should transition to
SIR-B activities and to provide general support for space microwave

activities.

Future Program

OSTA's Non-Renewable Resources Discipline Program for 1985 and 1990
focuses along three areas of emphasis:

0 Regional Assessment - development of methods for
using satellite magnetic, gravity and imaging data,
together with appropiate ground observations, to
construct geological/geophysical models of subsurface
structure and composition useful for the assessment
of potentially valuable energy and mineral resources
and regional scale.
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o Local Explorations - development of remote sensing
techniques to locate specific areas in which sur-
face exploration for energy and mineral resources
should be directed.

o Development of Energy and Mineral Resource Potential -
development of remote sensing techniques and instrumen-
tation for use in the location and development of
mineral and 011 resource properties and in the assess-
ment of environmental impact before, during and
after extractive operations.

Figure 14.1 presents a graphic synopsis of OSTA's Non-Renewable

Resources Discipline Program.

The first portion of the Figure reflects the space missions, current
and projected, whose data products support the Program. The subsequent
portion and continuation sheets reflects the Program's endeavors for

each identified R&D Activity

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

14.2 Relationships between Data Services and Non-Renewable Resources

Disciplines
Figure 14.2 summarizes the requirements for data products expressed

by the users.

Users are interested in obtaining parameters. These are intermediate
information products derived from sensor measurements, elaborated via the

application of appropriate algorithms. For example, surface temperature
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FIGURE 14.1
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information derives from remotely sensed radiance data elaborated
in conjunction with surface emissivity, atmospheric absorption,

sensor calibration data.

NASA users in the Non-Renewable Resources Discipline are in the
process of developing such algorithms. For this purpose, they wish
to receive raw space data, augmented by the auxiliary data summarized

in Table 14.1.

The volume of required space data shows a modest increase through
the 1980-1990 decade, from approximately 35 to 45 Gigabits/year. The
volume required of auxiliary data, from Table 14.1 is approximately

one tenth that of the space data.

From Figure 14.1, OSTA's program is devoted primarily to research
efforts, with some technology, transfer activities throughout the 1980-1990
decade. Table 14..2 shows that the acceptable time lapse of data delivery

is of order four weeks for both research and technology transfer efforts.

ADS data transfer requirements can be satisfied by a service of data

rate comparable to that of the U.S. mail.

The slow data delivery requirements of the early time frame do
not necessarily connote that electronic linkages are not desirable.
They simply indicate that the choice of the 1ink is driven by economic
cost-effectiveness rather than by technical urgency. For example, a

plausible ADS scenario may well incorporate a centralized accounting,
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TABLE 14.2

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS NON-RENEWABLE
RESOURCES

(OBSERVATIONS)

R & U ACTIVITY ’
) <
- - Vo Ir.| -
: ” R >
¢ = SESE
oA = b w &
T 3 o vy
N it ~ «Q
o 58 g& 25 |2
e Rl od — 22 ) — o
2 «{ «T [0 YS) — b w
3 - al - (SR w
<> OO o < [} o=
— c J [ —) —
- oG Qo O T w
— ur < Wl IZ [ = —_—
- oW W ul O i
Horizontal Resolution (KM}
Minimum 0.0 0.01 0.1 0.1 0.02
Maximum 0.1 0.1 10 100 0.1
Modal 0.01-0.1{ 0.01-0.1 - 0.1 0.02-0.1
Vertical Resolution (KM)
Minimum N.A, N.A. N.A. N.A. N.A.
Maximum N.A. N.A. N.A. N.A. N.A.
Modai N.A. N.A. N.A, N.A. N.A.
Frequency
Minimum 6 Months |4 Months 1 Year 1 Year | 1 Year
Maximum 6 Months [4 Months [4. Months | 4 Monthg 4 Months
Modal 6 Months [4 Months |1 Year 1 Year | 4-12 Months
Data Delivery
Research lnvestigations 4 Weeks 4 Weeks 4 Weeks 4 Wecks | 4 Weeks
Technology Transfer 4 Weeks |4 Weeks 4 Weeks 4 Weeks | 4 Weeks
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TABLE 14.2 (Cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: NON-RENEWABLE
RESOURCES

(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS MR1 MR 2 iin

R4 MRS

(5]

Provide Map Overiays .

Provide Geometric and °
Radiometric Corrections to
Remotely Sensed Data

Format Data from the Laser .
Fluoromatic Linear Array
Pushbroom Radiometer, ™
Simulator and Various hand
held radiometers for use of the
GSFC/GIS

Reformat Data to Accomodate .
the GISS Fraunhoffer Line
Discriminator

Modify existing software to .
within GSFC GIS to accept
Geobotanical Information
Inpets and Real Valwed iata

Provide Multisource Geobo-
tanical Data Base to Support .
Future Research Efforts

Arrange Landsat Geophysical -
and Geological Data in a Grid
Based Upon Landsat Pixels

Reformat and Regrid Existing . .
Data Sets to Conform to
Standard Grid Sizes

Devlop Software for .
3-D Spacial Modeling,
Including Gravity and magnetic
data

Compile & Digitize Lineament . e
Data Sets for Correlation with
Remotely Sensed Data

Register, Format and Grid all °
Data Types in the Data ;
Management System

Develop Multisource Data Sets
for Comparison with Remotely
Sensed Data °

Format Data to Fit the JPL S
IBIS Data Base

Provide Integration of Data °
Into a Comprehensive Geocoded
Data Base Specifically

Addressing £ngineering Geology
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¢ ' TABLE 14.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARﬁEQgS&SEgCS DESIRED BY THE USERS: NON RENEWABLE

{STANDARD ALGORITHMS)
R & D ACTIVITY

REQUIREMENTS NR1 NR2 NR3 NR4 NR5

Geometric Corrections to Match
Map Formats i

Photometric Corrections to
Yield Accurate Relative
Intensities .

Ratio and Difference to
Identify and Enhance
Variations in the Different
Sensor Channels (i.e.
Frequency and Polarization) .

Algorithm Development needed
to Predict Missing Observa-
tions and_ Interpolation
Values ° .

Textural Analysis and Multi-
variate Analysis Procedures

for Major Geologic Features . .
Delineation of Frozen v.s.

Unfrozen Soil ¢
Assessment of Soil Composition .
Soil Moisture Profiles .
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scheduling and data traffic monitoring facility; which maintains

track of expenditures on the part of the users, supplies them budgetary
estimates, advises them of impending depletion of project funds.
Further analysis might reveal that such centralized management function
can be performed more cost-effectively through use of electronic data
links than through other conventional alternatives; quite apart from

considerations of speed.

As a gross sizing of the "electronic 1ink" alternative during the
"sTow" R&D time frame, the corresponding transfer requirements are
such as to engage the equivalent of approximately 5 data links of 1,200

bps capacity each, operating on a one shift, normal work week basis.

Because the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of
bulk bandwidths, use of satellite links whenever transfer distance

exceeds the cost breakpoint (currently or order 900 kilometers).

Analysis of Table 14.2 and 14.3 permits the inference that user
services related to imagery manipulation--e.g. geocoding, superposition
of formats, gridding--will impose significant technological requirements
upon ADS. This is because low spatial resolutions are needed to satisfy

the users.
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TABLE 14.3

DATA SERVICE REQUIREMENT FOR THE NON-RENEWABLE

{ RESOURCES DISCIPLINE

GEOPHYSICAL/
GEOBOTANIC RESOURCE GEOLOGIC
LITHOLOGIC MINERAL EMPLACEMENT STRUCTURE ENGINEERING
ASSESSMENT EXPLANATION EVALUATION ASSESSMENT GEOLOGY
t4
T | O | Data Catalog ] - L] L) L]
:: Data Dictionary | ] - ] [ ] [ ]
oY Computer Search [ [ ® [ ] @
S
()
q 2| Quality Control [ ® ® [ J L ]
FE
ga Data Sorting o ] [ ®
w
o Form Conversion [ J [ ] ® [ ] ®
IE Code Conversion
o" Coordinate L J o [ ®
u_: Conversion
:E Scale Conversion
: Data Segment
g Preparation
g Data Set ® L [ ] [ ®
2 Preparation
Single-Source
Multi-temporal
Data Registration
4 Single-Source
o Multi-temporal
b Data Merging
q
T Multi-Source | | [ ] a a ||
o Uni-temporal
w Data Regis -
; tration
- Multi-Source Uni
g temporal Data
: Merging
o | Data Gridding- ® ® L4 L] L]
Data Overlay
Iimage Mosaicing
) <o Radiometric
’ dw Correction
i 380 Geometric
l o Correction
f wawl Other
i
4 ol
f (’s Data Archiving [ ] [ ® [ ] ®
™
| <o
DE Dats Delivery l [ ] l [ ) l [ ] ] [ J l ®
[
o
w
'I_ 2 | 2 ] 2 a 2 | ] 2 a
o
s High Value Data Service ® Desirable Data Service
Note Iz | Month with Remote Terminal Access

2: Comprehensive Data Documentation
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Users need to have available approximately 8 significant types of
algorithms, Table 14.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar
development of these algorithms to their routine use--after the
necessary confidence resulting from high "batting averages" will haye

been achieved.

Such an evolutionary development would open the ADS to the
opportunity of providing a centralized algorithm processing function.
ATgorithms which reach fruition would be transferred to this function for
conventional processing: the researcher would retain the function of

developing the newer generations of algorithms.

14.3 Implications of ADS on the Non-Renewable Resources Discipline

The analysis of user requirements for the Non-Renewable Resources

Discipline results in the following data-related findings:

o Current delivery times for remotely sensed data are adequate
to support OSTA Non-Renewable Resources investigators.

6 Data cost issues were not identified as a major concern by
the users due to the primarily research nature of present
investigations. Cost considerations were recoanized as
important issues in the eventual translation to a resource
exploration pre-operational or technology transfer mode.

o Repetitive multispectral images are required to evaluate the
seasonality of changes in landscape cover and select the times
of the year for optimal display of cover types related to surface
geology. Routine corrections for atmospheric effects and ground
topography are required along with multisensor, multitemporal
registration.

14-19




o Data applicable to non-renewable resources investigations .are

located in a variety of archives; there is no single point of
contact to determine what data is available and how and where
to obtain it. This requires investigators to familiarize them-
selves with a wide variety of data services, and results in
significant inefficiencies with regard to the time required for
investigators to locate, select and order data.

ADS could improve upon the current state of data access by
inventorying and cataloging the various sets of data appro-
priate to non-renewable resource investigations. Data should
be retrievable on the basis of data type, geographic location
(users request data referenced by latitude and longitude), and
time. This service would speed data access and would enhance
the investigator's awareness of data available to support his
study. A data ordering and procurement service was also identi-
fied as a useful adjunct to the catalog and inventory service.

Geoscientists rely on a broad spectrum of supplementary data pro-
ducts to extract non-renewable resource information from remotely
sensed data, including aeromagnetic data, ground-based gravity
data, geologic maps, etc. Most geoscientists are adept at deal-
ing with such auxiliary data and gridding them to match remotely
sensed data. However, they consider such tasks both costly and
time consuming.

The Non-Renewable Resources Discipline users indicated a need for
cost-effective and standardized data reformatting services includ-

ing standards for georeferencing with respect to natural coordinate

systems. Along with this reformatting and annotation service, the
users recognized the need for a mosaicing service, particularly

to accommodate use of adjacent swath wideth and multitemporal
image data.
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o The reconnaissance nature of the Non-Renewable Resources
Discipline also makes it advantageous to provide an archive
of processed intermediate products both to support multiple
investigations and for historical analytic purposes.

In summary, the principal impact of an ADS upon the users of the

Non-Renewable Resources Discipline would be enhancement of performance.

Key functions that would promote increased efficiency, in approximate

priority are:

o A comprehensive data catalog to assist users in data selection
and location both for primary and auxiliary data sets. A key
feature of this catalog would be georeferencing of data contained.

o Establishment of a data ordering and procurement service.

o Radiometric correction of remotely sensed data for atmospheric
effects and ground topography along with multitemporal, multi-
sensor registration.

o Establishment of an archive of processed intermediate products
both to support multiple investigations and for historic analysis.
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15.1 Description of Objectives and Content

No single agency has overall responsibility for U.S. water re-
sources. Functions of institutional water data gathering and water
resources management are distributed among Federal and Local govern-

mental bodies, principal among which are:
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SCS . . .
SEA e °
FS [ ° ° L] °
NOAA . . . .
BUREC . o . .
COE . . . . . .
EPA .
BPA o L] ° e
TVA o
STATE o ° . . ° e
LOCAL ° ° ° [} o L4

In addition to these operational activities, water resources
agencies engage in research activities, primarily aimed at the develop-

ment of hydrologic models of various types.
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OSTA's Water Resources Discipline Program supports the activities
of these agencies with a program directed toward the application of
remote sensing technology to service the hydrologic information and

modeling needs of these agencies.

OSTA's overall objective is to conduct research that will improve
understanding of hydrology and ability to monitor, utilize, manage the
components of hydrology that affect the balance of natural resources

and human activities.

Current OSTA Program

OSTA's current Water Resources Discipline Program comprises four

categories of R&D Activities:

WR 1 Measurement of Water Balance

Visible, microwave and thermal remote sensing data are used
to determine hydrologic parameters to predict runoff, man-
age irrigation, and calculate water balance. Primary em-
phasis is on evaluating: microwave sensors for charac-
terizing snowpack parameters; passive microwave techniques
to measure surface and root zone soil moisture, depth of
near-surface water table, watershed runoff coefficients;
microwave analysis techniques to determine freeze-thaw
lines, ice features, surface water area.

High resolution thermal, RBV data and simulated TM data
are compared with existing visible and near IR data to
test the added value of the former to water resources
management.
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WR 2

WR 3

Soil moisture information down to 10-15 cm is key to es-
timating the partition of rainfall into surface runoff and
infiltration components; and of incoming solar energy into
latent and sensible heat. It would also satisfy the re-
quirements of the US-USSR bilateral agreement on microwave
measurements of soil moisture.

Synoptic snowpack parameters augment conventional measurement
techniques, generally deficient in terms of spatial and tem-
poral coverage, for input to snowmelt and runoff models.

Hydrologic Models

Models built around remotely sensed optical and microwave
data are being developed to improve runoff prediction.

Improved snowpack models, now being developed, utilize
available and projected satellite data for short term and
seasonal snowmelt runoff forecasts. MSS and simulated TM
data will be tested %o ascertain the incremental improve-
ment in runoff from the improved spatial, spectral and
radiometric resolution.

More accurate runoff forecasts can result in improved
management of water resources, of significant economic
benefit.

Remote sensing has a high potential for providing: in-
puts to snowmelt runoff modeling; e.d. snow water equi-
valent, snow area, depth, free water content; and such
parameters as soil moisture, imperviousness, freeze/thaw

lines, soil groupings and landuse/landcover information.

Surface Water Inventory

Development of techniques for locating and identifying
water bodies and potential dam sites from LANDSAT imagery,
and registering them by latitude, longitude, township and
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WR 4

section will continue, aimed at near term technology
transfer. Inferential techniques are being developed
for determining the volume of these water bodies.

Inventory and location of dams assists state water
managers to comply with Federal Dam Safety Assessment
Laws, and to maintain an updated assessment of available
water supplies.

Water Requirements Assessment

The objectives are to: a) evaluate the utility of space-
borne remote sensing to improved irrigation efficiency;

b) develop further the most promising approaches; c) demon-
strate how to use satellite data in representative areas;

d) recommend improvements to satellite systems enhance their
application to irrigation by federal, state, local agencies,
private farming.

Agricultural irrigation accounts for 80% of the water
consumed in the U.S. The increasing demand for water by
agriculture, industry, and municipalities mandates that
irrigation become more efficient. A 1976 GAD Report main-
tains that over one-half the water delivered to farms is
wasted in overwatering. This can limit crop production,
increase farming costs and contribute to water pollution.

Near Future OSTA Program

The program's philosophy is to perform scientific research on

the uses of remote sensing to:

o foster understanding of fhe hydrologic cycle and to quantify
storages and flows

0 assist sister Agencies to improve water resources management

operations.
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The research elements of OSTA's near term Water Resources Disci-

pline program are:
o research on irrigation scheduling using BuRec test sites.

o research on use of observation from LANDSAT-D, HCMM and TIROS
for floodplain mapping, evapotranspiration estimation and ag-
ricultural meteorology.

o continued development of models and procedures for determining
hydrologic land use and for developing improved hydrologic
models using remotely sensed boundary conditions. A joint
USDA/NASA Hydrologic Model Development Lahoratory is planned
for the betterment of the utilization of remotely sensed data.

o development and test of microwave detection and monitoring
techniques to assess the presence of groundwater

o expansion of the technology of dam location to include
estimates of reservoir volume

o coupling of the results of the research in flood plain mapping
with those in hydrology to improve dynamic prediction of floods

The principal technology development efforts are expected to be:

o development of a dedicated mobile Taboratory to measure
properties of snowpacks

o test of the utility of the soil moisture satellite

o technology transfer of models of hydrologic response of
ungaged areas based upon remotely sensed data
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Future OSTA Program

Remote sensing techniques for monitoring snow and ice mapping, hy-
drologic land use, and determining the extent of surface waters are ex-
pected to have been established, thus will transition to operational
use by Sister Agencies. Further refinements will be incorporated as
better remotely sensed data becomes available in the visib1e,infrared
and microwave portions of the spectrum from the RM, MRS, passive micro-

wave or equivalent OSTA sensors.

Typical of these refinements is the adaptation of remote hydro-
logic techniques to the smaller watersheds which are the province of
State and local users. These number in the tens of thousands. Because
they are small, they require mapping of relatively fine resolution--TM
or better. Because many are also densely populated; the chance of
damage from errors is significant; thus they need hydrologic forecasts

of high precision.

A major thrust of the program is expected to be represented by
hydrologic measurements for agriculture, particularly soil moisture.
Development of evapotranspiration models is planned to support soil

moisture investigations.

Figure 15.1 presents a graphic synopsis of OSTA's Water Resources

Discipline Program.

The first portion of the Figure reflects the space missions,

current and projected, whose data products support the Program. The
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FIGURE 15.1
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subsequent portion and continuation sheet reflects the Program's en-

deavors for each identified R&D Activity.

Each element is referenced to its pertinent source documents;

their titles are listed at the Figure's end.

15.2 Relationships between Data Services and the Water Resources Discipline

Figure 15.2 summarizes the requirements for data products expres-

sed by the users.

Users are interested in obtaining parameters. These are interme-
diate information products derived from sensor measurements, elaborated
via the application of appropriate algorithms. For example, snow sur-
face temperature information derives from remotely sensed radiance data
elaborated in conjunction with surface emissivity, atmospheric absorp-

tion, sensor calibration data.

NASA users in the Water Resources Discipline are in the process
of developing such algorithms. For this purpose, they wish to re-
ceive raw space data, augmented by the auxiliary data summarized in

Table 15.1

The volume of required space data remains approximately constant
throughout the 1980-1990 decade, at approximately 20 Gigabits/yvear.
The volume required of auxiliary data, from Table 15.1 is approximately

one quarter that of the space data.
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From Figure 15.1, OSTA's program is devoted to both research
and technology transfer efforts throughout the 1980-1990 decade.
Table 15.2 shows that the acceptable time lapse of data delivery for

the research mode is of order four weeks.

Technology transfer activities could acquire two forms: 1) al-
gorithms and models developed by NASA researchers are tested by other
federal agencies upon their facilities, in this case NOAA's; or
2) they are tested on NASA facilities with participation from sister

agency personnel.

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the
second event, the timeliness requirements for data transfer would be

of the order of days.

The inadequacy of current methods of data transfer has been demon-
strated during the conduct of the GSFC-led Snow ASVT, Figure 15.1. Users
needed to perform snowmelt forecasts every three to seven days: 30 days

were required to obtain the corresponding LANDSAT imagery.

Thus, for research activities, ADS data transfer requirements can

be satisfied by a service of data rate comparable to that of the U.S.

mail.

It is anticipated that most of the technology transfer activities
will be performed on facilities other than NASA's. These activities

should thus have small impact on ADS.

15-13



TABLE 15.2

(OBSERVATIONS)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: WATER RESOURCES

R & D ACTIVITY

1 Month

=
a &
Lt Pt
5 % = L
=z - - g
w & - u!
=] =) [= jou]
= - =y =
& 2 E: 2x
- (&1 ey ey
o] o [*%] oI I
[24 S ) (&) (€]
2z £ 5 oiid
<< 4 o o =
Ly «L > e} «T
= = (%2l = <
REQUIREMENTS WR 1 WR 2 WR 3 ] WR 4
Horizontal Resnlution (KM)
Minimum 0.01 .03 0.01 0.03
Maximum 0.6 500 0.3 0.1
Modal 0.08 .08 0.01-0.3 | 0.03-0.
Vertical Resolution (km)
Minimum N.A, .05 N.A. N.A.
Maximum N.A. 10 N.A. N.A.
Modal N.A. 0.5-10 N.A. N.A.
Frequency
Minimum 4 eeks 4 Months 4 Weeks 4 Weeks
Maximum 1 Day 1 Day 1 Week 1 Week
Hodal 1 Day 1 Day 1-4 Weeks | 4 yoous
Data Delivery
Research Investigations 1-3 4 Weeks 4 Weeks 4 Weeks
Months
Technology Transfer 1-60 Days 3 Days- 3 - 80 3 - 30
Days Days
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TABLE 15.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTERISTICS DESIRED BY THE USERS: WATER RESOURCES
(SPECIAL SERVICES)

R & D ACTIVITY

REQUIREMENTS WR 1 WR 2 WR 3 WR 4
Format Satellite Data for .
Use with Vicar Software
System
Locate and Supply CCT's of . . ' .

Requested Satellite Data
for Specified Geographic
Locations and Time Periods

Maintain an Archive of .
Aircraftt-Acquired Data

Locate and Supply Aircraft
and Auxiliary Data for
Specified Geographic
Locations and Time Periods .

Provide Satellite Data Mini . .
Tapes for Specitied
Geographic Locations and
Time Periods

Locate and Supply Landsat
Imagery for Specified
Geographic Locations and
Times

Format satellite data for
Use with JSC Developed
Computer Package "DAM" .
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TABLE 15.2 (cont'd)

SUMMARY OF DATA PRODUCTS CHARACTZRISTICS DESIRED BY THE USERS: WATER RESOURCES
(STANDARD ALGORITHMS)

R & D ACTIVITY

REQUIREMENTS WR 1 WR 2 WR 3 WR 4

Snowmelt Runoff . °

Evapotranspiration . ° E

Soil Moisture Profiles °

Thermal Response of Soil to o
Freeze

Soil Water Equivalent °

Land Use Classification °

Surface Water Volume .
Estimator

Crop Classification .

Leaf Area Index ! .

| Biomass Estimators *
\

Crop Moisture Stress Index J .
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The slow data delivery requirements do not necessarily connote
that electronic linkages are not desirable. They simply indicate
that the choice of the link is driven by economic cost-effectiveness
rather than by technical urgency. For example, a plausible ADS scen-
ario may well incorporate a centralized accounting, scheduling and
data traffic monitoring facility; which maintains track of expenditures
on the part of the users, supplies them budgetary estimates, advises
them of impending depletion of project funds. Further analysis might
reveal that such centralized management function can be performed more
cost-effectively through use of electronic data 1inks than through
other conventional alternatives; quite apart from considerations of

speed.

As a gross sizing of the "electronic 1ink" alternative, the cor-
responding transfer requirements are such as to engage the equivalent
of approximately 3 data links of 1,200 bps capacity each, operating on

a one shift, normal work week basis.

Because the driver is economics, not technology, system trade-
offs can exploit to the fullest special tariff structures and price-
breaks: e.g. discounts for off-time operation, quantity savings from
use of bulk bandwidths, use of satellite links whenever transfer dis-

tance exceeds the cost breakpoint (currently of order 900 kilometers).

Analysis of Table 15.2 and 15.3 permits the inference that user
services related to imagery manipulation---e.g. geocoding, superpo-
sition of formats, gridding---will impose stringent technological re-
quirements upon ADS. This is because high spatial resolutions are

needed to satisfy the users.
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TABLE 14.3

DATA SERVICE REQUIREMENTS FOR THE WATER
RESOURCES DISCIPLINE

MEASUREMENT WATER WATER
OF WATER HYDROLOGIC SUPPLY REQUIREMENTS
BALANCE MODELING INVENTORY ASSESSMENT
2
«q0 Dats Catalog L L]
;E Data Dictionary a ] L] L
Dg Computer Search [ ] [ ] [ J [ ]
]
o .
q 2| Quatity Control
rE
(a Data Sorting
n\u
Q Form Conversion | ] [ ] | |
KE Code Conversion
0}' Coordinate
“_: Conversion
22 Scale Conversion
> D S ment
- ata eg " . . . .
; Preparation
by Data Set
s; sts Set P ° ® [ ]
< Preparation
Single-Source
Multi-temporal = . u .
Data Registration
2 Single-Source
o Multi-temporal
o Data Merging
: Mutti-Source a » [ ] a
L] Uni-temporal
w Oata Regis-
; tration
- Multi-Source Uni -
g temporal Data
: Merging
5 | Data Gridding ° L4 ® *
Data Overlay [ ] L ® L
Ilmage Mosaicing
i Radiometric
5“‘ Correction
Sgu Geometric
ax? Correction
Vew Other
-
('E Data Archiving
-
g
Qg Data Delivery l- Il I. Il
&
x 2w 2w 2w 2"
o
= High Value Data Service ® Desirable Data Service
Note I: Real Time to One Week for Tech. Transfer with Remote

Note 2: Comprehensive Data Documentation

Terminal Access
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Users need to have available approximately 12 significant types of
algorithms, Table 15.2. A potential evolutionary trend in the latter
part of the 1980-1990 decade is the transition from user-peculiar de-
velopment of these algorithms to their routine use-after the neces-
sary confidence resulting from high "batting averages" will have been

achieved.

Such an evolutionary development would open the ADS to the oppor-
tunity of providing a centralized algorithm processing function. Al-
gorithms which reach fruition would be transferred to this function for
conventional processing: the researcher would retain the function of

developing the newer generations of algorithms.

15.3 Implications of ADS on the Water Resources Discipline

The analysis of the user requirements for the Water Resource Dis-

cipline yields the following data-related points:

o Current data delivery rates experienced by OSTA Water Resources
investigators are on the order of two weeks to 1 month for space
data products through ERQS and NSSDC; and on the order of 1 to
3 months through EDIS for most auxiliary data products. These
delivery rates are too slow for technology transfer activities.
For example, the ASVT on Operational Applications of Satellite
Snow Cover Observations requires surface hvdrology parameters,
derived from satellite data, within approximately 72 hours
and meterologic data within 1-3 hours.
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o Most other Water Resources Research Activities do not have
such critical delivery requirements: researcher desires are
for delivery rates of order 1 to 2 weeks

o Data Product costs are felt to be an important constraining
factor in OSTA Water Resource efforts. Research time
schedules and budgetary constraints are such that attention
must be given to improving the time and cost-effectiveness
of data access, particularly as these impact cooperative
users.

Investigators currently spend considerable time researching
data applicable to their particular endeavor. Concensus
within the Hydrology panel of the Data Systems Workshop is
that the cost and time requirements of research activities
could be reduced through provision of a comprehensive Data
Catalog service. Through such a service a user could be made
quickly and easily aware of all available data and their
locations. This data should be retrievable hy subject, geo-
graphic location, and time. Characteristics of the data
should b2 indicated, e.q. level of processing, quality, scale.
The Water Resources Catalog and Directory should link into
existing water resource data bases such as WATSTORE and NAWDEX;
this may require considerations for commonality of services
between data bases.

N\

o Many operational users who participate in OSTA Technology Trans-
fer activities cannot take full advantage of the space data pro-
ducts made available, due to time and cost conisderations as
indicated above, and due to problems encountered with processing
and formatting of data products. Remotely sensed data products
are viewed by operational users as supportive and comnlementary
to the more readily understood and handled conventional
hydrologic data sets. Increased emphasis should be devoted to
converting satellite data products into conventional hyvdrologic
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data set formats to aid both internal and external users.,
Satellite products should be processed and georeferenced
in accordance with the conventional data products which
they supplement. An example of such a product is the
Basin snow cover maps prepared by NOAA/NESS from SMS/GOES
observations, used to support operational snow survey
forecasting in the Western U.S.

Research users experience problems associated with product
format, particularly those whose activities include
utilization of image processing systems such as the AQIPS

or VICAR systems. Significant time and monev is spent in
reformatting satellite products for use with these systems.
These systems, being implemented on small scienti€ic
computers, do not have the capacity for full freme data
storage. Consequently, mini-tapes should he prepared for
use with the systems from the standard satellite CCT's.
Moreover, the data on mini-tapes should be in band-sequential
Tformat rather than the standard Landsat CCT's band-interleaved
format.

MASA users in the Water Resources Discipline are oriented
towards satisfying the near-term requirements of "external"
users. This "External" orientation strongly suggests that
archival storage of system corrected, parameterized and geo-
referenced data be made available. Accordinglv, continuous,
updated and pedigree-annotated data catalegs and directories
should be made available. This capability will significantly
improve data delivery to users and aid in providing integrated
data sets, required due to the complexities of the hydralogic
phenomena involved. It is most Tikley that common format data
sets will be required in the future, probahly along the 1ines
of the USGS quad sheets. Data sets for kev Mater Pesources
units e.g., basins will also be required and could form an
important data set producth available frem an ANS service.
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In summary, the principal impact of an ADS upon the users of the
Water Resources Discipline would be economic, i.e. significant reduction

in the time and cost involved in generating comprehensive data sets.

Five key functions would promote increased efficiency. In approximate

priority:

o A comprehensive data catalog with georeferencing and data
pedigree

o Georeferencing of remotely sensed data in accordance with
the conventional data products they are to supplement

o Data segment preparation and reformatting services

o Archival of systems corrected, parameterized and geo-
referenced data

o Acceleration of data delivery times to support operational
water resource technology demonstrations

15-22




16. SYSTHESIS OF USER REQUIREMENTS FOR ADS

This section integrates the results of the user requirements study
for the thirteen disciplines comprising 0STA's current and future program.
The key results are presented in five categories summarizing the require-
ments for space derived products, space.derived parameters, auxiliary

data products, data transfer and data services.

Space Derived Product Requirements

Table 16.1 summarizes the quantity of space derived products
required for the thirteen disciplines for the current (1980), near term
(1985) and future (1990) time frames. The table gives the numbers of
digital tapes, corresponding gigabits, and images required by the users

from spaceborne sensors expected to be available.
The Table's key points are:

® The volume of digital data products is relatively constant to
1985. The projected 250% increase by 1990 is paced by the
Agriculture, Forestry and Rangeland (AFR) Discipline.

® The largest share of the data products, climbing from 34% of all
requirements in 1980 to 68% in 1990, is also induced by AFR.

Dominance by the AFR Discipline is attributed to the fact that
this discipline is projected to reach an advanced state of
technology transfer and will continue to utilize primarily NASA
service facilities.

o The 1980-1985 time frame exhibits a high demand for images, which
reduces significantly by 1985. This is due to the gradual reduc-
tion of the use of image products by the AFR users who indicate
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that the trend is toward digital processing. The use of images
in the Non-Renewable Resources (NRR) Discipline doubles by 1985.

This is attributed to the reconnaissance nature of the NRR activities.

e The trend in Land Use and Water Quality is also toward digital
processing. During the 1980-1985 time frame images account for
~65% of products by number. By 1985 this percentage drops to
~40% and remains relatively constant to 1990.

® The increase in the demand for digital data over time reflects
the increased sensor resolution of the level 1 products.

Space Derived Parameter Requirements

The analysis shows a strong and growing trend toward the use of
parameters. Most users wish to retain control of the development of
algorithms for converting data into parameters. The development of such

conversion algorithms drives OSTA's activities up to 1985-87.

The relationship between the OSTA disciplines, the parameters sought
by the users and the space data generators is included in chart form in

the pocket at the back of this report.

As shown in the chart, 137 parameters were identified in the analysis.
Each parameter is used on the average by 4 disciplines. Commonalities are

evident: on the average, a parameter is shared by four disciplines.
o Commonality of parameters among the thirteen disciplines portends

potential benefits from a centralized data service which provides
parameters to multi-disciplinary users.
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The chart also shows that the parameters sought remain substantially
invariant. What does change are the sensor's characteristics: i.e. the

parameters are measured more prefectly as time progresses.
® The continuous existence of common parameters throughout the

1980-1990 time frame implies that .{nvestment by ADS in an algorithm-
processing service should be cost-effective.

Auxiljary Data Product Requirements

Table 16.2 summarizes the volume of auxiliary products required to

support the OSTA users.

It specifies the requirements for digital tapes by density i.e. 1600,
800, 556 BPI and the needs for photographic and hardcopy products. Pro-
ducts such as maps, computer printouts, reports and microfilmed records

are included within the hardcopy products catagory. The table's key

points are:

e The volume of auxiliary data is approximately 30% that of the
space data for this 1980-1985 time period. It increases to 50%
by 1990. :

o The Agriculture, Forestry and Rangeland discipline is the primary
user of auxiliary data, accounting for 73% of the requirements in
the 1980-1985 time frame, increasing to 90% by 1990.

® The Severe Storms and Climate disciplines are also significant
users: 16% of the volume in the 1980-1985 time frame.
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Table 16.3 shows the data bases jdentified in the analysis. It
shows that most data bases serve multiple disciplines: many already
possess, or are evolving towards the capability for electronic inquiry.
By 1985, most major data repositories are contemplating various levels
of automated data delivery. This does not mean that historical data
will be necessarily digitized: most of the data provided will be of

current vintage.

In general, the data will be supplied in the batch mode. Most
data bases provide only restricted access: this should however not

pose a significant restriction to NASA access.

Directory and access services for a significant number of data
bases is through three principal existing auxiliary data banks: EDIS,

USGS National Center, NAWDEX.

Data Transfer Requirements

The user requirements for data transfer are of order two to four
weeks for research efforts and from hours to days for activities related

to transfer of technology.

Current data delivery times are of order one to three months. Note
however that most of the current delay is attributable to internal re-
sponse times. These will presumably be significantly reduced as data
bases increasingly become automated in accordance with currently estab-

lished plans.
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TABLE 16.3

REMOTE DATA ACCESS CAPABILITIES OF THE DATA BANKS
SERVING THE ADS DISCIPLINES

g
@
n a
[¥¥] -4 U =
w [%] > =) w e
¢ = - o x
w > = n @ z o a8
g g glg |8 2| . 8| 3|3 §| 5| =
] =2 w - £ £ 7 W ol v =3 g % - S
] 3 = = & = = W ac a w < e« - o3 w s
=] (=4 § 5 7] > [S3=} =W o o [ b=4 fresd fui-d
o -4 =] << e Q Q ' Q T8 ul ol e @ o« =
<3 — - S & I E 52 ue o = = o e 25
Goddard Institute of Space Y -
Science (GISS)
Goddard Space Flight Center,
Image Processing Division L e o o O [ ° ) o oo
(GSFC/IPD)

Goddard Space Flight Center
Very Long Baseline Inter- °
ferometry System (GSFC/
VLBI Systems)

Johnson Space Center,
Agricultural Weather Fore- o
casts (JAWF)

Jet Propulsion Laboratory

Seasat Central Data o | @ °

Handlins Facility (JPL/ L L L4 L4 L ®
SEASAT COHF)

Jet Propulision Laboratory
Very Long Baseline Inter- : Ps
ferometry System {JPL/VLBI
Systems)

Johnson Space Center Glo-

bal Agronomic Data Base (
(JSC/GADB)
Aircraii Fiigni rrograms °

NASA/JPL-WFC'

National Space Science
Data Center (NSSDC) L4 L

UARS Central Data Handling
Facility UARS COHF L

DMSP Satellite Data Li-
brary (DHSP) L] )

Earth Resources Observa-
tion System Data Center g L4 e o e O ® N ®

(EROS)

European Space Opera-
tions Center, Data Ser-
vices (ECOS)

Nationa) Climatic Center,
Space Data Services o o [} [ J [ ] ® [ [
Branch (NCC/SDS)

NOAA, National Environ- .
mental Satellite Ser- Y o PY Py ° ° ° .
vice (NOAA/NESS) o Py °

National Oceanic Satel-

lite System, Primary
Proccssing Facility " e | © ) Py ® el e
"10SS/PPE)

D - Dial-up Service Availabie
R - Restricted Access
N - Capability Does Not Exist
® - Discipline Served
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TABLE 16,3

REMOTE DATA ACCESS CAPABILITIES OF THE DATA BANKS SERVING
THE ADS DISCIPLINES

AGRICULTURE

AIR QUALITY
CLIMATE
COASTAL ZONE
‘CRYQSPHERE
GEODYNAMICS
LAND USE
NON-RENEWABLE
RESOURCES

OCEAN PROCESSES
SEVERE STORMS
WATER QUALITY
WATER RESOURCES
GLOBAL WEATHER

REMOTELY ACCESS!BI.E
DATA DIRECTORY
REMOTE DATA
DELIVERY

b

"NASA/JSC AIRP-AIL

-

National Cartographic
Information Center (NCIC) L L] ®

=

National Center for ® ]
Atmospheric Research ® K J

lational Climatic
Center (NCC) e/ o © o © o (oo | @o| @@

National Geodetic Y
Data Base

National Geophysical
and Solar Terrestrial [ ] Y °
Data Center (NGSDC)

National Hurricane
Center (NHC) ® o

U.S. Air Force

Environmental Technical
Application Center [ ® P
(USAFETAC)

U.S. Coast Guard ° Py
Oceanographic Unit (USCG)

USDA/Economics, Statistics
and Cooperative Service [}
(USDA/ESCS)

USDA Foreign Agriculture
Service (USDA/FAS) L

USDA Scientific and
Education Administration ® ®
(USDA SEA)

USDA Soil Conservation
Service (USDA/SCS) ° ° L] ° °

USDA Forest Service
USDA/FS) [ ] [ ]

USDA Agriculture, Sta-
bilization & Conserva- ° 'Y [ ]
tion Service (USDA/ASCS)

Electric Power Research Py
Institute (EPRI)

Fleet Numeric Weather
Central (FNWC) ° L L4

Fleet Weather Facility
(FaF)

USGS/Geolab . [ ]

GISS ®

JANF L]

JSC/Agristars Data
Sase L

LARS [}

Office of Water and
Hazardous Materials
(STORET) o o °| °

D - Dial-up Service Available
R - Restricted Access
N - Capability Does Not Exist
® - Discipline Served
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REMOTE DATA

TABLE 16.3 (cont'd)

ACCESS CAPABILITIES OF THE DATA BANKS SERVING

THE ADS DISCIPLINES

W
-
=
g | E 3| w| 8 = |B|8 5|2 |5| 85| =
- 2 - o u = w an| 2 7 2 ¥ - S
3 E] = =z a E L1 88| % w el = o8 w
- wa
flae| 2| 2|8l &8|e(28|2|8|8|s|8| 5<] 83
gl z| 3| 8| 2|8 |5 |82|3|s|E|&5 |8 25| &3
g = S =1 S & 3 zZ | & | & E £ 3 23 3]
Air Force Global Weather
Central (AFGWC) o | o ° R R
California Institute of
Technology ° . R R
Center for Climatic and
Environmental Assessment ® . R N
(CCEA)
Current Research
Information System (CRIS) L D D
Defense Mapping Agency ) [ ®
Topographic Center (DMATC) L4 R R
Bureau of Census, User
Services Office L] N N
EPA Environmental Re-
search Center (EPA/ERC) L R 0
National Marine Fisheries
Service (NMFS) ' o o ° ° ° D )
National Meteorologic
Service (NMC) e L o | o ° R R
National Oceanographic
Data Center (NODC) e o L] L ® R D
National Severe Storm _ _
Forecast Center {NSSFC) A d o K v
Hational Severe Storm
Laboratory o (] N N
NOAA/Data Buoy Office
(NBDO) ® L N R
National Water Data
Exchange (NAWDEX) o @ R R
SEDIC N N
Scripps Institute of
Oceanography : o N N
Tamu Crop Spectra Data
Base (TAMU) L R R
USGS Office of Resource R R
Analysis -(USGS/ORA) L
USGS Rock Analysis Storage R R
System (USGS/RASS) ®
USGS Water Storage
Coordination Office [
WATSTORE ) ° o R R
U.S. Weather Service ® Y L ® R R
Weslaco Crop Spectra °
Data Base N N
Woods Hole Oceanographic ° N N
Institute (WHOI) ®

D - Dial-up Service Available

R - Restricted Access

N - Capability Does Not Exist

@® - Discipline Served
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TABLE 16.3 (cont'd)

Note: Access to a significant number of the Non-NASA data banks 1isted

can be made through three principal data services:

o NAWDEX - Central point of access for most federal and
non-federal water data banks such as STORET, WATSTORE,
and various state and private data banks.

e USGS National Center - Central point of access to most
USGS data services including EROS, NCIC, WATSTORE, and
many smaller but frequently used data bases.

e EDIS - The Environmental Data and Information Service of
NOAA provides computerized referral to available environ-
mental sciences data at NCC, NODC, NGSDC and many other
NOAA-operated data banks.
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By 1990, research activities account for approximately 75% of the
data load. They could in theory be handled by mail type data transfer
service. The slow data delivery requirements of the research activi-
ties do not necessarily connote that electronic linkages are not de-
sirable. They simply indicate that the choice of the 1ink is driven
by economic cost-effectiveness rather than by technical urgency. For
example, a plausible ADS scenario may well incorporate a centralized
accounting, scheduling and data traffic monitoring facility; which
maintains track of expenditures on the part of the users, supplies them
budgetary estimates, advises them of impending depletion of project
funds. Further analysis might reveal that such centralized management
function can be performed more cost-effectively through use of elec-
tronic data links than through other conventional alternatives: quite

apart from considerations of speed.

A gross sizing of the "electronic link" alternative is provided
by Tables 16.4 and 16.5.
TABLE 16.4

ALLOCATION OF PRODUCT DATA FLOW FOR SPACE AND AUXILIARY DATA
AVAILABLE IN DIGITAL FORMAT
(Equivalent 1200 BPS Links, One Shift, Normal Work Week)

1980 1985 1990
GSFC 70 83 92
JSC 73 62 376
JPL 19 21 25
LaRC 4 6 5
NSTL 4 7 7
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TABLE 16.5

DISCIPLINE/CENTER ALLOCATION OF PRODUCT DATA FLOW FOR
SPACE AND AUXILIARY DATA AVAILABLE IN DIGITAL FORMAT - 1980, 1985, 1990
(Equivalent 1200 BPS Links, One Shift, Normal Workweek)

GSFC JSC JPL LaRC NSTL
OLDOOU')OOLOOOLDOOLOO

DISCIPLINE S|S|3|8| 3|38 |3]3
AIR QUALITY 3| 4|3
CLIMATE 15] 22 {23
COASTAL ZONE nE
CRYOSPHERE o ol 3
GLOBAL WEATHER sl 15115
OCEAN PROCESSES 12114 hs
SEVERE STORMS 201 26 | 31
WATER QUALITY ‘ 1] 21 2
AGRICULTURE,

FORESTRY,

RANGELAND 63 | 524|326
GEODYNAMICS 5| 3] 3
LAND USE 4| 7] 7
NON-RENEWABLE s sl e

RESOURCES
WATER RESOURCES 3l 6] 7
TOTAL 63 | 76 | 82163154 (326 |17 |19 ppa | 4| 6| 5| 4| 7| 7

* Number of Links = (data bits per year) : (seconds per year) : (1200 BPS per 1ink)
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Since the driver is economics, not technology, system tradeoffs
can exploit to the fullest special tariff structures and price breaks:
e.g. discounts for off-time operation, quantity savings from use of bulk
bandwidths, use of satellite links when transfer distance exceeds the

cost breakpoint (currently of order 900 kilometers).

By 1990, technology transfer activities account for approximately
25% of the data load. These latter could acquire two forms: 1) al-
gorithms and models developed by NASA researchers are tested by other

federal agencies upon their facilities; or 2) they are tested on NASA

The first form of transfer does not impact ADS because by current
definition, ADS is intended to service NASA researchers only. In the

second event, the timeliness requirements for data transfer approach
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facilities with participation from sister agency personnel.
transfer of space data from satellite to users, and the transfer to users !
of archival data. Only the latter is within the purview of ADS as cur-

rently defined.

Typical of the applications posing the most stringent requirements
are agricultural early warning, and activities associated with crop pro-
duction forecasting. The timings of the corresponding physical obser-
vables are such as to give rise to short periods of intense interest,
interspersed by Tonger intervals of lesser importance. The occurrence
of frosts is a typical case in point: indicative crop change occurs
within hours, at most a few days after the frost event; thereafter the

"indicators," pointing to either recovery or loss, vary but slowly.
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The net result is that these activities impact ADS by imposing
conditions of high peak transfer rates at low duty cycles. As a gross

sizing, peak-to-average ratios are expected to reach 5:1.

ADS systems tradeoffs can exploit the significant difference
between the "sTow" R&D and the "fast" Technology Transfer requirements

through the use of load-evening techniques, such as priority scheduling.

Data Service Regquirements

Table 16.6 summarizes the user response to the need for data services.
The numbers indicate the percentage of users within each discipline
specifying the data services shown on the corresponding row. Figure 16.1
integrates this information across disciplines: the user requirements
are weighted by the numberof users served, assigning equal weight to

each discipline user.

The key points indicated by the Figure are:

e ADS services universally required are:

data directory services

data dictionary

preassembly of data sets from multiple sources

® Second priority services are:
= extraction of selected data subsets from available data
sets, for both space and auxiliary data products.
= assembly of multitemporal data sets

Users expressed significant demand for individual terminals.
Approximately half of these should be interactive; a sub-
stantial fraction should be of the “"smart" variety.
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SUMMARY OF DATA SERVICES*“REQUIRED BY OSTA INVESTIGATORS
WITHIN THE THIRTEEN ADS DISCIPLINES

PERCENT OF DISCIPLINE INVESTIGATORS
REQUIRING THE SERVICE
E
2
=4
s 12 |o |2 | w |8
z g l. 1518 B (514, |8 g | &
S . (o |BE (2|2 |5 |3l28 |5 |y |28|¢
3|5 s 15 |2 ¥ |« |SQ £ (2 (B8 | «
, = |E 12|18 |8 |8 |2 |8 |52 |8 |2 |38 |¢&
DATA SERVICES * Z |3 |8 |8 |3 |8 |# |5 |28 |8 [5 |2 |%
User Access Mode
Batch 35 100 100
Interactive 100 | 100 100
Individual User Terminals 100 9% | 75 {100 } 78 {100 100 100 | 100
Data Management
Data Documentation
Directory 100 100 | 100 | 100 |100 { 100 | 100 |100 100 100 | 100 100 100
Dictionary 300 {100 {100 | 100 {100 | 100 {100 |100| 100 | 100 {100 | 100 | 100
Data Storage o
On-Line 100
Off-Line 100 20 22 96
Product Control
Quality Control 11 {100 80 100 100 | 100 100 100
Data Access Services
Data Query
Autosated Catalog Search 100 100 | 102 80 100 100 100 | 100 100 100
Data Browse 100
Data Delivery Speedup 93 75 1100 78 1100 | 100 100 §1lw | 100 100
valuz Added Seorviczes
Data Segment Preparation
Sub-Frame Images 100
Mini-Tapes 11 | 100 80 60 61 | 100 | 100 100 100
Sub-Data Set Extraction 100 70 1102 60 | 100 96 {100 100 100 | 100 100 100
Reformatting
Format Conversion ] 10 | 100 25 74 92 | 100 100 | 100 100 100
Structure Conversion 25 92 ’
Coordinate Transformation 11 25 22 92 100 9 100
Scale Conversion 100 37 100
Data Set Preparation '
Multi-Source Data Sets 100 91 | 100 80 | 100 { 100 96 | 100 100 100 | 100 100 100
Multi-temporal Data Sets 100 91 96 75 | 100 | 100 96 | 100 100 100 |100 83
Data Integration
Data Merging 22 36 100 | 85 ~ N 100
Data Registration 58 68 96 20 40 | 100 {100 |100 47 73 100 100 100
Data Overlay 33 59 15 00 100 100
Data Gridding 100 100 85 95 | 100 | 100 96 | 100 100 {100 100 100
Image Mosaicing 100
Special Processing
Data Calibration/Correction 100 20 [100 80 |100 78 4 {100 86 ) 100 100
Discipline Contro) of Access 20 100

*
Services listed are not necessarily unique.
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FIGURE 16.1

SYNOPSIS OF DATA SERVICE REQUIREMENTS - ALL DISCIPLINES

PERCENT
DATA SERVICES 0 10 20 30 40 50 60 70 80 9C 120
] ] ] 1 ] ] 1 ] I 1 |
Directory
Dictionary

Multi-Source Data Sets
Sub-Data Set Extraction
Multi-Temporal Data Sets
Data Gridding

Data Registration
Automated Catalog Search
Data Calibration/Correction
Data Delivery Speedup
Format Conversion
Individual User Terminals
Mini-Tapes

Quality Control

Data Overilay

Scale Conversion
Interactive

Coordinate Transformation
Data Merging

Batch

Off-Line Storage
Sub-Frame Images
Discipline Control of Access
On-Line Storage

Data Browse

Image Mosaicing

Structure Conversion

i ’
i |
|

hd |
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Users place significant emphasis on service related to the com-
bination and integration of data - e.g., geocoding, superposition of format
and gridding. The Air Quality users in the UARS program and the Geo-
dynamics users specified the wish to retain control over access of their

data by other users.

Additional services required by individual disciplines yielded

the following ADS service requirements:

e Data ordering and procurement services are useful adjuncts to
the catalog and inventory service. Currently, investigators
gather their required data from a wide variety of basically
unarchived and unannotated sources. Dealing with a variety of
data banks is time consuming: the users universally express the
need for a centralized facility from which they can locate and
acquire the bulk of the data which they require.

e Data are available in a variety of formats which require core-
gistration. Much of this divefsity in format is attributed to
the current absence of any format standards in the geodynamic
field. Proliferation of different formats unnecessarily increases
overhead related to reformatting by both investigators and data
system.

ADS could significantly impact this problem by 1imiting the
proliferation of varying data formats to those necessitated by
efficiency or by compatibility with existing systems.

e Remotely sensed data products are generally viewed by operational
users as supportive and complementary to the more readily under-
stood and handled conventional data sets. Increased emphasis
should be devoted to converting satellite data products into
conventional formats to aid technology transfer activities.
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Satellite products should be processed and georeferenced 1in
accordance with the conventional data products which they
supplement.

An ADS service would significantly enhance the day to day operation

of the OSTA research user community by:

are:

Speeding up data delivery - slow data deliveries impact
the budget and the efficiency of the R&D effort.

eliminating or significantly reducing the time spent in locating,
selecting, editing and procuring data

reducing expenditures for redundant handling of data products

providing for better oversight by the scientific user community
to provide higher data quality

providing pre-operational users with standard, approved, para-
meter and analysis algorithms

creating a highly visible and easily accessible archive of
space derived products for both internal researchers and
external users

significantly increasing the cost-effectiveness of OSTA data
utilization through standardization of format and the avail-
ability of researcher independent reformatting

Potential ADS services ieading to overall efficiency of OSTA research

A data cataloging service would speed data access and would

enhance investigators' awareness of data to support their studies.

The catalogs should be comprehensive as to breadth and content
of information in each data set. Hierarchical descriptors
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should be provided to accommodate various levels of user re-
quired data. The initial access level would contain the ge-
neric identification (e.g., name, source, location, period of
record, measured or derived quantities/parameters) for each
data set.

Subsequent hierarchial levels would enable potential data users
to browse and review the data set contents. Information at

this level should include; data set characteristics, such as
resolution and level of reduction, quality control steps ap-
plied, data 1imitations and restrictions on data set usage,

data volume and form, data availability for a specific location,
and appropriate cross-references to related data sets.

The next level of information should include detailed descrip-
tions of instrument operations, data collection procedures,
processing algorithms, and validation results.

Catalogs should also be available to identify available soft-
ware routines, data interpretation/manipulation tools and tech-

nintac
niques.

Discussion at the ADS workshop indicates that such a catalog
service would be best implemented in a distributed manner.
Separate catalogs should be maintained by the individual data
producer archives, with the access capability from the central
catalog facility. The distributed nature of the catalog service
should be as transparent to users as possible. A user-oriented
interface for obtaining catalog information should be a major
objective of an ADS. This requires that a access/query capa-
bility be designed for ready-use by even uninitiated users. A
request processing capability should provide the contact point
for initial inquiries.
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A request routing capability should be provided internal to the
system but be user-transparent.

Key issues of importance that must be resolved during the
development of an ADS catalog service are:
- Establishment of standards
- Generation of catalog contents for past data and updating
procedures for current data

A data extraction/assembly service would reduce the time and
expense required by researchers in acquiring and integrating the
multi-source data sets. This service would provide standardized
multi-source and multi-temporal data set preparation, data set
sorting and merging, and data segment preparation. Important
facets of this service are data reformatting and integration
services.

Reformatting entails conversion of data from one form (digital,
analog, textural, tabular or graphic) to another to satisfy user
requirements. Also included are code, coordinate and scale
conversions.

Data integration entails elements of both data set preparation
and reformatting. Potential processing operations required to
convert disparate data to a common form and scale include:

a) multi-sensor, unitemporal and multitemporal registra-
tion, entailing the congruencing and rescaling of data
of different scale and aspect angles;

b) geographic referencing;

c) coordinate transformations, for example space oblique
mercator to universal transverse mercator;

d) data overlay and gridding;
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e) mosaicing, in which adjacent swaths of space or air-
borne imaging sensors are equalized radiometrically,
congruenced, rescaled, and laterally regf%tered.

Centralized accounting, scheduling and data traffic monitoring;
serve to maintain track of user's expenditures, and to supply
budgetary estimates.

Centralized facilities for processing data into parameters.
Development of parameter processing techniques should be handled
as a phased program, for key time persistent parameters. The
capability for scientific oversight, data quality control as-
sessment and parameter algorithms development and archiving
should also be provided.

Data delivery to users in user requested format with a factor
of three speed up for auxiliary products.

Establishment and maintenance of an archive of products derived
by OSTA discipline researchers. The archive should provide data
cross-referencing and should be constructed to serve both the
internal and external user community. Archives should include
browse, on-Tine order transaction and message processing capa-
bilities.

Establishment of comprehensive data format, standards and pro-
tocols particularly required for the processing of multisource
data sets.

Provision for standard on-line and batch processing of requested
data including specific data reformatting, resampling, and radio-
metric correction.

The ADS service should be electronically linked into the major
auxiliary data systems services in particular: EDIS, USGS
National center and NAWDEX.
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¢ The nature of many of the OSTA Disciplines make it advanta-
geous to provide an archive of processed intermediate products

both to support multiple investigations and for historical pur-
poses.

e The availability of standard classification schemes and para-
meter extraction algorithms from a centralized facility would
enhance researcher performance. The classification algorithms
and procedures should be carefully annotated as to input re-
quirements, utility and be provided with appropriate caveats
as to applicability, time to process and expected performance
accuracies. An interactive user-training capability would pro-
bably be a useful adjunct. The facility would have to maintain
continuous updates on classification schemes and algorithms and
process online.
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AFGWC

CRIS

080

OMA (DMATC)
oMsp

£PA
EPA/ERC

EPRI

EROS

ESOC

FAA

FAS

FNWC (USNFNWC)
GADG

GISS

6SFC/1PD

GSFC/IPF
JAWF
JPL

_JsC

LARS
NASA
NAWDEX
NCAR
NCC
NCC/SDS
NCIC
NESS
NFWF
NGS
NGSDC (NGSTDC)
NHC

NMFS
NOAA
MODC
NOSS/PPF

NSSDC
NSSL

*NSSFC .

NwS

SCRIPPS

SEDIC

‘DATA BANKS

Atr Force Global Weather Central

Agriculture Stabil{zation and Conservation Service
Center for Climatic and Environmental Assessment
Command Data Handling Facility (JPL-SEASAT)

USDA - Current Research Information System

NOAA - Data Buoy Office

Defense Mapping Agency

Defense Meteorological Satellite Program

U.S. Department of Commerce

U.S. Environmental Protection Agency

U.S. Environmental Protection Agency/Environmental
Research Center

Environmental Protection Research Institute

Earth Resource Observations System {Sfoux Falls, $.0.)
European Space Operations Center

Federal Aviation Administration

USDA - Foreign Agricultural Service

Fleet Numerical Weather Central

Global Agricultural Data Base (Johnson Space Center)
Goddard Institute for Space Studies

Goddard Space Flight Center/Informaticn Processing
Division Center )
Goddard Space Flight Center/Image Processing Facility
Joint Agricultural Weather Facility

Jet Propulsion Laboratory (Pasadena, California)
Johnson Space Flight Center '

Laboratory for Applications of Remote Sensing
Natfonal Aercnautics and Space Administration
National Weather Data Exchange ' '

National Center for Atmospheric Research

Mational Climatic Center {(Asheville, N.C.)

National Climatic Center/Satellite Data Service
National Cartographic Information Center

National Environmental Satellite Service (NOAA)
Naval Fleet Weather Facility

National Geodetic Data Base

National Geophysical and Solar-Terrestrial Data Center
Natfonal Hurricane Center

National Meteorological Center (Suitland, MD)
National Marine Fisheries Service

National Oceanic and Atmospheric Administration
Mational Oceanographic Data Center

National Ocean Satellite System/Primary Processing
Facility

National Space Science Data Center
National Severe Storms Laboratory
National Severe Storms Forecast Center

National Weather Service (U.S. Department of
Commerce

Scripps Institute of Oceanography

USDA - Soil Conservation Service

Sociological Economic Demographic Information Center

U.S. Environmental Protection Agency Water Quality
Data Bank

TAMY Texas ASM University

TELOPS Telemetry On-Line Processing System -

UARS /CDHF Upper Atmospheric Research Satel’lite/Central Data

Handling Facility
USAFETAC U.S. Air Force Environmental and Technical Appif-’
cations Center

usce U.S. Coast Guard

USDA United States Department of Agriculture
USDA/ESCS USDA/Economic. Statistics and Cooperative Services,
USDA/FS USDA/Forest Service

USGS U.5. Geological Survey

VLB! Yery Long Baseline Interferometer

WFC Wallops Island Space Flight Center

WHOI Woods Hole Oceanographic Institution

WATSTORE USGS/Water Data Storage and Retrieval System
WESLACO USDA/Agricultura) Test Station (WESLACO TX)
PLATFORMS

AEM Applications Explorer Mission

DMSP Defense Metecrological Satellite Program
" COASTSAT Coastal Zone Satellite

ERBS/AEM Earth Radiation Budget Experiment

GEOS Geodynamic Experimental Observation Satellite
GOES Geosynchronous Operational Environmental Satellite.
" GRAVSAT Gravity Satellite

ICEX Ice and Climate Experiment

1T0S Impraved Tiros Operational Satellite
" LAGEOS Laser Geodynamic Experiment Observation Satellite
LANDSAT Earth Resources Sateilite for Land Areas

MAGSAT Magnetic Survey Satellite

METEQSAT Meteorological Sateliite

NOAA Mational Oceanic and Atmospheric

Administration Satellite

NOSS National Oceanographic Satellite System

OERS Operational Earth Resources System

POGO Polar Orbiting Geophysical Observatory

SEASAT Landsat Counterpart for Ocean Areas

SPACE SHUTTLE  The NASA Manned Launching System

(Space Transportation System)

STS Space Transportation System (See Space Shuttle)
STORMSAT Severe Stormm Monitoring Satellite

SME Solar Mesosphere Explorer

SMM Solar Maximum Mission

SMS Synchronous Meteorological Satellite

STEREOSAT Stereoscope Imagery Sateliite

THERMOSAT Thermal Satellite System

TIROS Television - Infrared Observation Satellite

TOPEX Topographic Observation Experiment

UARS Upper Atmosphere Research Satellite
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GLOSSARY

FIS

FR

HALOE

RIRS
HXIRS
HXRS
1EAS
w o
ITPR

LAMR

LASER Reflector
LBMR

LFC

LHR

LIDAR

LIMS

LRIR

s

NER
NOSL
OCE

SENSORS

Advanced Atmospheric Sounding Infrared Radiometer

Atmospheric Cloud Physics Laboratory
Altimeter

Advanced Moisture Mapping Sensor - Advanced Moisture

Mapping Radiometer

Active Microwave Sensor

Advanced Very High Resolution Radiometer
Backscatter Ultraviolet Sensor

Cryogenic Limb Inferometer
Coronagraph/Polarimeter

Cloud Physics Radiometer

Cloud Top Scanner

Coastal Zone Color Scanner

Electric Field Sensor

Emission Radiometer

Earth Radfation Budget Sensor

Earth Radiation Budget Experiment

Earth Resources Synthetic Aperature Radar
Electrically Scanning Microwave Radiometer
Far Infrared Spectrometer

Triaxial Vector Fluxgate Magnetometer
Filter Radiometer

Global Regional Monitor

Bamma Ray Spectrometer

Halogen Occultation Experiment

Heat Capacity Mapping Radiometer

High Resolution Infrared Radiation Sounder
Hard X-Ray Imaging Spectrometer

Hard X-Ray Spectrometer

Ice Elevation Altimeter System

Infrared Sencor

Infrared Temperature Profile Radiometer

Large Antenna Multifrequency Microwave Radiometer

Passive Reflector of Surface Laser

L-Band Microwave Radiometer Soil Moisture Sensor

Large Format Camera
Laser Heterodyne Radiometer

Laser Radar

Limb Infrared Monitor of the Stratosphere
Limb Radiance Inversion Radiometer
Lidar Wind Sensor, DMSP

Mapping of Atmospheric Particulates from Space

(Sensor Package)

Microwave Atmospheric Sounding Radiometer
Microwave Emission Spectrometer

Modulated Gas Cell Radiometer

Microwave Imager, DMSP

Microwave Limb Sounder

Myltifrequency Passive Microwave Radiometer
Multi-Spectral' Resource Sampler
Multispectral Sensor

Modular Multispectral Scanner

Nimbus Microwave Spectrometer

Nadir Emission Radiometer

Nightime Observation of Severe Lightning
Ocean Color Experiment

oLs
OR
ovs
PERS
PES
PFD
PIMR
PMIS

RBY
SAGE

SIR
SMIRR
SMMR
SMS
SR
SSB
SSH
SSIE
SSM
SSR
ST. TELE
SUs
SXRP
THIR
TIS
™
TOMS
TOVS
i
UAs
UVSSF
uvsp
VAS
VHRR
VIR
VIRSR
VISSR
ViBI
VIPR
WSIR
Xuvs
XYPLS
XZPLS

Operational Linescan System
Occultation Radiometer

Operational Vertical Sounder
Pointable Earth Resources Sensor
Precipitating Electron Spectrometer
Particle Flux Detector

Polar Ice Mapping Radiometer

P_a_ssive mcro_wav_e !maging Sensor
Pressure Modulator Radiometer

Return Beam Vidicon (camera)
Stratospheric Aerosol Gas Experiment
Stratospheric Aerosol Measurement
Synthetic Aperature Radar

Seasat A Scanning Scatterometer

Solar Backscatter Ultraviolet

Scanning Microwave Spectrometer
Scatterometer

Solar Constant Monitor

Surface Composition Mapping Radiometer
Selective Chopper Radiometer

Space Environmental Monitor

Shuttle Imaging Radar

Shuttle Multispectral Infrared Radiometer
Scanning Multichannel Microwave Radiometer
Stratospheric and Mesospheric Sounder
Scanning Radiometer

Low Energy Gamma Ray Detector, DMSP
Infrared Sounder, DMSP

Ionospheric Sensor, DMSP

Microwave Imager, DMSP

Side Scan Radar

Stereo Telescope

Solar Ultraviolet Spectrometer
Soft-X-Ray Palychromator

Temperature Humidity Infrared Radiometer
Topside lonospheric Sounder, DMSP
Thematic Mapper

. Total Ozone Mapping Spectrometer
" TIROS Operational Vertical Sounder

Ultraviolet Sensor
Ultraviolet Airglow Spectrometer
Ultraviolet Spectrometer Solar Flux

. Ultraviolet Spectrometer ang Polarimeter

Visible-Infrared Atmospheric Sounder
Very High Resolution Radiometer
Yisible-Infrared Radiometer

Visual and Infrared Scanning Radiometer
Visual - Infrared Spin Scan Radiometer
Very tong Baseline Interferometer
Vertical Temperature Profiling Radiometer
Wide Swath Imaging Radar

Extreme Ultraviolet Spectroheliometer
X-Y Plane Limb Scanner, DMSP -

X-Z Plane Limb Scanner, DMSP
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GLOSSARY

REG WATER QUAL MON
RR

RTOP

SAT

SRT

T

TBA

TEMP

TSS

uv

VERT.

3 rh
w/cm
ASYT
BP1

2

[+:1]

CRYT

cc

ccT

GARP
6LOB/REG MON

TERMINOLOGY

A/C Aircraft

ALBEDO Ratio of light reflected from surface to light

falling on surface

AN Applications Notice

AO Applications Opportunity
. APT Applications P{lot Test

NPl Not Presently Identified

4 Phosphorous

PARM SMMR Paramter Tape

PP8 Parts Per Billion

PPM Parts Per Million

RAP Regional Applications Program

REAP Regional Environmental Assessment Program

Regional Water Quality Monitor

Renewable Resources

Research and Technology Objectives and Plans
Satellite

Science Research and Technology

Turbidity

To Be Announced

Temperature

Total Suspended Solids

Ultraviolet

Yertical

Percent Relative Humidity

Watts per square centimeter

Applications Systems Verification Technology
8its Per Inch

Centigrade

Calibrated Brightness Tape (See CBTT)
Calibrated Brightness Temperature Tape (ESMR Product)
Cubic Centimeter

Computer Compatible Tape

Global Atmospheric Research Program
Global/Regional Atnosbheric Monitor
Horizontal

~ Hours

Image

Infrared

Kilometer

Large Scale Applications Test

. Landsat-D Assessment System

Raw Data

Calibrated Data
Geo-coded Data

Derived Parameters -
Heter

Measurement
Meteorologica)l

Milligal .

Milimeter

Memorandum of Understanding
Meters/Second

Not Applicable

National Climate Program
Not Determined

Not Included
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